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Molecular clone is a large population of DNA replicated from a single DNA 
molecule. Production, analysis and retrieval of the molecular clones are the key 
techniques in current biotechnology. Here, high-throughput method for the 
manipulation of molecular clones is presented using highly parallel sequencing and 
radiation-based non-contact molecular clone retrieval system.  
    Specifically, production and analysis methods of the molecular clones are 
investigated using a highly parallel sequencing platform. In emulsion polymerase 
chain reaction (PCR) at the sample preparation of parallel pyrosequencing, large 
amount of molecular clones are created. After the production of large amount of 
molecular clones, individual molecular clone is sequenced so that sequence and 
position information of each molecular clone are identified. Molecular clone 
retrieval system based on non-contact energy transmission is developed for rapid 
and precise retrieval of each molecular clone. Pulse laser, optical component, vision 
module, and motorized stage are integrated in the system. Also, system control 
 
 ii 
software is developed combining functions such as: (i) extraction of sequence and 
positional information of each molecular clone from output data of highly parallel 
sequencing, (ii) scanning sequencing plate and high-resolution image reconstruction, 
(iii) algorithmic identification of molecular clone in the reconstructed image, (iv) 
synchronization of sequencing plate movement, pulse-laser radiation, and carrier 
plate movement.  
    Furthermore, retrieval method of molecular clones produced by bacterial cell is 
presented. Mixture of genetically diverse bacterial cell stock is spread and grown on 
a solid growth medium. After the short period of growth, position of each cell clone 
is identified using microscope vision scanning system, and then each cell clone is 
retrieved using focused pulse laser. Retrieved individual cell clone is contained in 
carrier micro well plate. DNA of retrieved individual cell clone is tagged with 
barcode DNA, and analyzed and identified by highly parallel sequencing. 
    Method and system developed here may be applicable in a wide range of 
biotechnology area such as synthetic DNA production, antibody drug discovery, and 
functional genome study with exceptional cost reduction and increased throughput 
due to highly parallel nature of the method. 
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Molecular clone is a large population of DNA replicated from a single DNA 
molecule. Manipulation of molecular clones (i.e. production, analysis and retrieval 
of the molecular clones) has been used for a wide range of current biotechnology. 
For example, a starting step for recombinant protein expression is the construction 
of recombinant DNA and following molecular cloning in bacterial cells. Also, 
producing and sequence verification of molecular clones are crucial steps in 
synthetic gene construction. Since chemically synthesized DNA has inherent errors 
such as deletion, addition, or transversion of bases, causing low yield to find error-
less long DNA, molecular cloning and subsequent sequence verification is essential 
process when producing long DNA. 
    Conventional method for the manipulation of molecular clone is based on the 
 
 ２ 
following techniques: (i) preparation of vector DNA and template DNA to be cloned, 
(ii) recombinant plasmid synthesis using restriction endonuclease and ligase, (ii) 
insertion of recombinant plasmid into bacterial cells, (iii) spread and growth of the 
bacterial cells on solid growth medium, (iv) selection of bacterial colony with pick 
and place fashion, (v) re-growth of the colony, plasmid extraction and sequence 
verification of the plasmid using chain-termination sequencing (so called ‘Sanger 
sequencing’). Conventional molecular cloning developed in the early 1970s 
dramatically changed the understanding of basic science and made a breakthrough in 
biotech industry. [1-6] However, while functional genome study or ultra-long DNA 
construction in today’s biotechnology requires massive amount of production and 
analysis of molecular clones, low throughput of the pipette-based colony pick-and-
place and subsequent sequence verification using chain-termination sequencing 
limits the progress. 
    Recently, dramatic advancement on sequencing technology enables the analysis 
of large amount of DNA with 100 mega-bases to 100 giga-bases sequencing 
throughput. [7-16] In comparison to conventional chain-termination sequencing 
which processes 96 to 192 samples per run, today’s parallel sequencing based on 
sequencing-by-synthesis or sequencing-by-ligation (so called ‘next generation 
sequencing (NGS)’) analyze 1 million to 1 billion different fragments of DNA in a 
single sequencing run. Besides the sequencing throughput, per base sequencing cost 
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is significantly dropped. For example, while sequencing cost of the conventional 
chain-termination sequencing is $2,000 per mega-bases, sequencing cost of the next 
generation sequencing is $10 to $0.1 per mega-bases. Generally, the throughput of 
current NGS is 3 to 6 orders of magnitude higher and the cost of NGS is 3 to 4 
orders of magnitude lower than conventional Sanger sequencing. If this massively 
parallel sequencing can be applied to the manipulation of molecular clones, it would 
dramatically increase the throughput and decrease the cost and labor. 
    Furthermore, conventional method for the construction of template DNA 
desired to be cloned is based on polymerase chain reaction (PCR) with a primer set 
targeting specific region of biological DNA such as genomic DNA or RNA in certain 
cells or assembly of short fragment of chemically synthesized DNA. In either PCR 
primer or short fragment DNA for the long DNA assembly, starting material is 
chemically synthesized DNA. Conventional chemical DNA synthesis is based on 
phosphoramidite solid-phase synthesis method. Most of the commercial DNA 
synthesis machine utilizes columns filled with resin where the synthesis reaction is 
performed. The synthesis machine produces 96 to 384 different DNAs per synthesis 
run. Recent genome scale study requires large amount of different DNAs, but the 
low throughput and high cost nature of the conventional method is the bottleneck. 
Recently, many researches show that the microarray DNA can be used for the 
construction of long DNA molecules. DNA microarray has been typically used for 
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the genome scale gene expression study. Methods to fabricate DNA microarray is 
highly parallel, producing 10,000 to 1,000,000 of different DNA on a single 
substrate per a synthesis run. Significant cost drop and superior throughput of 
microarray DNA over conventional column-based synthetic DNA makes microarray 
DNA a good option for the large scale construction of template DNAs. [17-24] 
    After the generation of molecular clones, desired molecular clones are 
individually separated and contained for downstream experiment such as sequencing 
or screening. Conventional retrieval method of molecular clones utilizes pick-and-
place method. In conventional method, bacterial cells are first spread on solid 
growth medium. After overnight growth of the colony, researcher identifies each 
molecular clone with naked-eye and gently picks small colony with pipette. Small 
amount of colony is resuspended in liquid growth medium. These experimental steps 
are called ‘colony picking’. In a commercial automated colony picker, tips similar 
with a manual pipette tip are attached on a robotic arm. Macro-scale vision system 
identifies each molecular clones and colony picking event is performed with robot 
control. Conventional contact-based colony picking is labor intensive and slow due 
to the tip exchange or tip washing process. Also, throughput is limited due to the 
macro-scale vision system which typically identifies and picks 100 colonies in a 
solid growth plate. If colony retrieval would utilize non-contact method with high-
resolution vision system, throughput of the retrieval may increase due to the reduced 
 
 ５ 
growth time, dense colonies in a single solid growth plate, and without the need of 
tip exchange and washing steps.  
    This thesis presents a high-throughput technique for the manipulation of 
molecular clones. With the integration of the recent advancement of highly parallel 
sequencing and synthesis of DNA, thesis introduces a method to create highly 
diverse molecular clones, to analyze individual molecular clones, and to retrieve the 
molecular clones. 
    This work is organized as follows: First, I review the basic concepts of the 
fundamental techniques and discuss the limitation of the conventional techniques in 
chapter 2. Process of conventional molecular cloning, column-based chemical DNA 
synthesis, DNA microarray fabrication, chain-termination sequencing, and highly 
parallel sequencing are introduced. In chapter 3, a system overview and essential 
technical component for the high-throughput manipulation of molecular clones are 
presented. Detail pipeline of the process including (i) production of highly diverse 
molecular clones using in-vitro and in-vivo methods, (ii) sequence verification of 
molecular clones using highly parallel sequencing, and (iii) pulse-laser based 
molecular clone retrieval system, will be introduced. In chapter 4, sample 
preparation method for the molecular clone will be presented. Designing microarray 
DNA, emulsion PCR for the amplification bias reduction, and molecular clone 
identification using next generation sequencing will be introduced. In chapter 5, 
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molecular clone retrieval system based on non-contact energy transmission is 
presented for rapid and precise retrieval of each molecular clone. Pulse laser, optical 
component, vision module, and motorized stage are integrated in the system. Also, 
system control software is developed combining functions such as: (i) extraction of 
sequence and positional information of each molecular clone from output data of 
highly parallel sequencing, (ii) scanning sequencing plate and high-resolution image 
reconstruction, (iii) algorithmic identification of molecular clone in the 
reconstructed image, (iv) synchronization of sequencing plate movement, pulse-laser 
radiation, and carrier plate movement. In chapter 6, microfluidic DNA concentrator 








The understanding of research motivation and a system developed in thesis requires 
the understanding of previous methods and basic principles of currently available 
techniques. The basic concepts of these methods needed for the following chapters 
will be briefly introduces here, starting with conventional molecular cloning. 
Current synthetic DNA production methods of column-based DNA synthesis and 
microarray DNA synthesis methods will be introduced in the second part of this 
chapter. In later part of the chapter, currently available DNA sequencing methods 
will be introduced including chain-termination sequencing and highly parallel 
sequencing method such as sequencing-by-ligation and sequencing-by-synthesis. 
2.1 Conventional Molecular Cloning 
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2.1.1 Definition of Molecular Clone 
Molecular clone is a large population of DNA replicated from a single DNA 
molecule. A single copy of DNA can be amplified either with in-vivo amplification 
by vector cloning or in-vitro amplification by polymerase chain reaction (PCR). 
Typically, molecular cloning refers to an in-vivo amplification including 
recombinant vector construction and transformation into cell. 
 
Figure 2.1 Schematic diagram of molecular clone. Molecular clone is a large population of 
DNA replicated from a single DNA molecule. 
 
 ９ 
2.1.2 Polymerase Chain Reaction 
In 1980s, Dr. K. Mullis et al. developed a method of in-vitro DNA amplification 
(PCR: Polymerase Chain Reaction). [5], [6] More specifically, PCR is referred as 
‘primer-directed enzymatic amplification of DNA with a thermostable DNA 
polymerase’. PCR requires a series of temperature changes, called cycles. There are 
2 or 3 discrete temperature steps in each temperature change cycle.  
 
Figure 2.2 Polymerase Chain Reaction: Cyclic thermocycling and exponential amplification 
of template DNA. 
The cycling is often started by a denaturation step at a high temperature (>90°C). In 
denaturation step, double stranded DNA is melted and linking of hydrogen bonds 
between two strands is dissociated. After the denaturation, temperature is cooled 
down for the primer annealing. Determination of an annealing temperature requires 
the consideration of melting temperature (Tm) of the primers. Successful PCR for a 
specific band amplification starts from successful primer hybridization. Typical 
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temperature range of primer annealing is around 50 ~ 60 ℃. Polymerase enzyme 
binds and waits for elongation at the 3’ end overhang of primer-template complex. 
After the annealing of primers, temperature is raised to 68 ~ 72 ℃ so that the 
polymerase can synthesize a new strand. Deoxynucleoside triphosphates (dNTPs) 
are the building-blocks from which the DNA polymerase synthesizes a new DNA 
strand. As the number of cycle of denaturation-annealing-elongation increases, copy 
number of the template DNA is exponentially amplified. With perfect amplification 
yield, copy number of the template DNA is given by following: T = N × 2𝑛, where 
T stands for total number of amplified templates, N for initial template copy number, 
n for the number of PCR cycle. Maximum copy number of template to be amplified 
is limited by the copy number of primers. Also, too much PCR cycle yields error-
containing products meaning that polymerase is prone to incorporate undesired 
dNTPs to the template sequence.  
    Besides PCR, rolling circle amplification (RCA) is another method for in-vitro 
amplification. RCA is suitable in template with tandem repeat. Also, RCA typically 
is performed at isothermal state so thermocycling is not required.  
2.1.3 Vector Cloning 
Vector cloning is a method for the in-vivo amplification. Cloning vector is a small 
piece of DNA that can carry foreign DNA into a host cell. Typically foreign DNA 
should have a same overhang with the carrier vector so that those two sticky ends 
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can be joined with ligase enzyme.  
 
Figure 2.3 Conventional vector cloning method. A single DNA fragment is incorporated in a 
vector DNA which forms recombinant vector. The recombinant vector is inserted in a 
bacterial cell and the cell is grown in growth medium with appropriate antibiotics. 
In vector cloning process, vector construction and subsequent insertion of the 
recombinant vector into bacterial cell is required. One method to insert synthetic 
vector into a host cell is to give a heat shock with chemically competent cell and 
recombinant vector mixture under 42℃. After plasmid insertion, bacterial cells are 
spread in a solid growth medium so that the distance between the cells should be 
sparse enough not to overlap after the colony formation. Typical growth time to 
form colony takes overnight. Bacterial colony is a visible cluster of bacteria growing 
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on the surface of the solid-growth medium.  
 
Figure 2.4 Conventional colony picking method. (A) manual colony picking with pipette. (B) 
Automated commercial colony picker head. (C) Automated colony picker machine. (D) 
Software of automated colony picker 
All cells within the colony are divided from a single ancestor cell. Mutation can 
occur in the cell division process, but the mutation rate is so low in in-vivo 
replication system that it is considered that the DNAs carrying inside the cell are 
identical. 
2.1.4 Retrieval of Molecular Clones 
After the growth of the colony, researcher identifies each molecular clone with 
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naked-eye and gently picks small colony with pipette. Small amount of colony is 
resuspended in liquid growth medium. These experimental steps are called ‘colony 
picking’. In a commercial automated colony picker, tips similar with a manual 
pipette tip are attached on a robotic arm. Macro-scale vision system identifies each 
molecular clones and colony picking event is performed with robot control. [4] 
2.1.5 Discussion of the Conventional Molecular Cloning 
Conventional contact-based colony picking is labor intensive and slow process due 
to the tip exchange or tip washing process. Also, throughput is limited by resolution 
of vision system and size of colony picking tip. Size of the picking tip is typically 
~mm. If density of the clones in a growth plate is increased, clone-to-clone inter-
clone distance decreases resulting in cross-contamination. It is hard to separate more 
than 100 clones per plate in conventional colony picking experiment.  
2.2 Column-based Chemical DNA Synthesis 
2.2.1 Structure of DNA 
A nucleotide consists of a heterocyclic base such as adenine, cytosine, guanine or 
thymine. A pentose sugar ring, which in conjunction with a phosphate group, 
constitutes the sugar-phosphate-backbone of the DNA molecule. Subsequent 
nucleotides are linked via a phosphodiester bond between the 3’ and 5’ carbons of 
the deoxyribose sugars. The sugar-phosphate-backbone also determines the 
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orientation of a DNA strand. The two strands of double helix are oriented in opposite 
directions. 
 
Figure 2.5 Chemical structure of double stranded DNA. The stability of double strand DNA 
originates from hydrogen bond between complementary base pairs adenine-thymine and 
guanine-cytosine 
2.2.2 Phosphoramidite DNA Synthesis Chemistry 
In 1980s, Marvin H. Caruthers et al., developed a phosphoramidite synthesis method 
for chemically synthesizing DNA, which became a standard protocol for current 
synthetic DNA chemistry. [25-27] Phosphoramidite DNA synthesis proceeds in the 3′ 
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to 5′ direction. One nucleotide is added per synthesis cycle. In each cycle, the 
solutions are pumped through the reaction column. At the beginning of 
oligonucleotide synthesis, the first base-protected nucleoside is attached to the resin 
(typically controlled pore glass). The resin-bound nucleoside has a 5′ 4,4’-
dimethoxytrityl (DMT) protecting group. The DMT group prevents polymerization 
during cycle of synthesis proceeds, and this DMT protecting group must be removed 
from the resin-bound nucleoside before oligonucleotide synthesis can proceed. This 
removal of DMT group is called detritylation. After the detritylation, the resin-bound 
nucleoside is ready to react with the next nucleotide. The coupling of a new base 
cannot produce a perfect 100% yield due to the nature of chemical synthesis. 
Highest coupling yield is around 99.5% and the coupling yield decreases as the 
cycle of the synthesis accumulates. There are a few unreacted 5’ hydroxyl groups on 
the resin-bound nucleotide. In capping step, reagents such as acetic anhydride and 
N-methylimidazole make 5’ hydroxyl group inert to subsequent base addition 
reaction. Without the capping step, 5’ hydroxyl group would be reactive to the 
subsequence base incorporation, thus producing base lack at the final product. 
Deletion of the base would produce a complex mixture of DNA and most of the 
DNA would contain deletion error. After the capping step, unstable phosphite-
triester bonds should be converted to a stable phosphate trimester bonds. This 
conversion is called ‘oxidation’. This ‘deprotection-coupling-capping-oxidation’ 
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cycle is repeated so as to synthesize desired length of DNA. After the synthesis, the 
linker attaches to the 3′-end of the oligonucleotide to the solid support should be 
cleaved. The linker used in typical DNA synthesis is the succinyl linker and the 
linker is cleaved by concentrated ammonium hydroxide treatment. After the 
cleavage, the synthesized oligonucleotide dissolved in ammonium hydroxide is 




Figure 2.6 Chemical oligonucleotide synthesis process 
2.2.3 Commercial Column-based DNA Synthesizer 
Automated commercial DNA synthesizer is available. For example, multi-column 
DNA synthesizer: Mermade 192(www.bioautomation.com), it synthesizes 192 
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oligonucleotides per a synthesis run. Similar like inkjet, reagents are dispensed from 
the top of the column. [30] In the column there is CPG for DNA immobilization and 
growth. Coupling efficiency is about 99.5%. Running time is about 5 to 6 hours for 
35bp oligonucleotide synthesis. Cost of the machine is around $180,000. Running 
cost for the synthesis of 50nmole scale volume is $0.05/base for 20mer. Commercial 
column-based DNA synthesizer produces large amount of DNA from nmole to 
μmole. However, the synthesis of large number of different sequences with the 





Figure 2.7 Commercial column based DNA synthesizer. 192 oligonucleotides are synthesized 
per a synthesis run. (A) Commercial machine, (B) Nozzle head, (C) Column chuck. 
2.3 DNA Microarray 
2.3.1 Fabrication Method for DNA Microarray 
A DNA microarray is a collection of microscopic DNA spots attached to a solid 
surface. DNA microarray contains 10,000 to 1,000,000 different oligonucleotides in 
a solid carrier (typically glass slide). [27-29] The synthesis of the DNA microarray 
basically utilizes similar synthesis chemistry with previously described cyclic 
phosphoramidite-based method. The differences from column-based DNA 
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synthesizer are the deprotection mechanism (light-based synthesis) and small 
volume localized reagent delivery (inkjet-based or electrochemical synthesis). In 
light-based microarray DNA synthesis initially developed around 1990 by Fodor et 
al., short oligonucleotides length of 25bp are synthesized on the surface of the 
microarray. Spatially addressable photo-deprotection chemistry (MeNPOC or 
NPPOC phosphoramidite) enables highly parallel synthesis of de novo DNA 
sequences. In inkjet-based synthesis, synthesizer uses piezoelectric small drop 
deposition, and the system is used for in-situ synthesis of arbitrary oligonucleotide. 
Also, electrochemical in-situ synthesis method is reported, where spatial addressing 
of deprotection is controlled by CMOS addressable array with localized acid 
generation.  
 
Figure 2.8 Microarray DNA synthesis methods. (A) light-based synthesis, (B) Inkjet-based 
synthesis, (C) Electrode array based synthesis [Figure from company web information site: 
Nimblegen, Agilent, Combimatrix] 
Traditionally, DNA microarray is used for the gene expression monitoring and 
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gnome scale SNP analysis. Since 10,000 ~ 1,000,000 different oligonucleotides are 
synthesized in parallel, synthesis cost per oligonucleotide drops significantly. Also, 
this parallel synthesis process is fast so that typically 12 hours of synthesis run 
produces a glass slide scale microarray DNA. In comparison, the cost of microarray 
oligonucleotides is significantly lower than that with the column-based synthesizer. 
In large scale gene synthesis, many researches have been done using microarray 
DNA-derived techniques. 
2.3.2 Discussion on the Coupling Efficiency 
As shown in the section 2.2.2 ‘Phosphoramidite DNA Synthesis Chemistry’, 
oligonucleotide synthesized from solid phase synthesis is prone to contain errors. 
Major error source is a base deletion. In commercial DNA synthesis company report, 
Custom Inkjet printer (POSaM) claims 98% ~ 98.5% coupling efficiency. Mermaid 
192 oligo synthesizer from Bioautomation, Corp. claims 99.4% coupling efficiency. 
Microarray DNA from Agilent claims 99.5% coupling efficiency using depurination 




Figure 2.9 Yield profile when synthesizing chemical DNA. (A) Schematic of cyclic solid 
phase synthesis, (B) yield profile. 
    Total yield to produce correct DNA can be expressed as follows: base
N
cplyY = , 
where Y stands for total yield of error-less DNA, Ycpl for the cyclic coupling 
efficiency and Nbase for the number of bases to be synthesized. As total yield is 
expressed in exponential form, the yield to produce long perfect DNA is 
dramatically reduced. For example, total yield drops to 36.7% when synthesizing 
200bp oligonucleotide. If one would synthesize oligonucleotide with length of 
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2,000bp, total yield drops to 0.0044% meaning that most of the oligonucleotides 
produced in the synthesis reaction are error-containing.  
2.4 Chain-termination Sequencing 
Chain-termination sequencing is a method of DNA sequencing, based on the 
selective incorporation of chain-terminating dideoxynucleotides by DNA 
polymerase. [7] Chain-termination sequencing is also called ‘Sanger sequencing’ 
which is developed by F. Sanger et al. in the late 1970s. The classical chain-
termination method requires a single-stranded DNA template, a DNA primer, DNA 
polymerase, normal deoxynucleotide triphosphates (dNTPs), and dideoxynucleotide 
triphosphates (ddNTP) that terminate DNA strand elongation. ddNTP lacks a 3'-OH 
group which is required for the formation of a phosphodiester bond between two 
nucleotides, causing DNA polymerase to stop synthesis of DNA when a ddNTP is 
incorporated. The ddNTP can be fluorescently labeled for detection in automated 
sequencing machines using capillaries, argon-ion laser, and CCD. The cost of chain-
termination sequencing is around $5 per sample. 
2.5 Highly Parallel Sequencing  
Recently, dramatic advancement on sequencing technology enables the analysis of 
large amount of DNA with 100 mega-bases to 100 giga-bases sequencing throughput. 
In comparison to conventional chain-termination sequencing which processes 96 to 
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192 samples per run, today’s parallel sequencing based on sequencing-by-synthesis 
or sequencing-by-ligation (so called ‘next generation sequencing (NGS)’) analyze 1 
million to 1 billion different fragments of DNA in a single sequencing run. Besides 
the sequencing throughput, per base sequencing cost is significantly dropped. For 
example, while sequencing cost of the conventional chain-termination sequencing is 
$2,000 per mega-bases, sequencing cost of the next generation sequencing is $10 to 
$0.1 per mega-bases. Generally, the throughput of current NGS is 3 to 6 orders of 
magnitude higher and the cost of NGS is 3 to 4 orders of magnitude lower than 




Figure 2.10 Next generation sequencing techniques [19] 
2.5.1 Sequencing-by-Ligation 
Sequencing-by-ligation method is one of the first developed in high throughput 
sequencing area. Sequencing by ligation relies on the sensitivity of hybridization. 
Target DNA molecule with a single stranded unknown sequence is joined with one 
end by a known sequence (called ‘adapter’ sequence). A mixed pool of fluorescently 
labeled short probe DNA typically length of 8 ~ 9 bases is then incorporated in the 
target DNA. DNA ligase joins the adapter sequence and the perfectly hybridized 
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probe DNA. After the ligation of adapter DNA and probe DNA, flow cell is washed 
and automated stage with microscope scans the entire flow cell and calls the 
unknown sequence. The probe has cleavable fluorescent molecule so that the next 
probe incorporation is performed after the cleavage of the linker between probe and 
the fluorescent molecule. Typically template DNA is attached on a bead and millions 
of beads were subject to the cycles of sequencing run (sequencing cycle: probe 
incorporation-wash-scan-cleavage-wash-next probe incorporation).  
2.5.2 Sequencing-by-Synthesis 
Sequencing-by-synthesis method is the most widely used approaches these days. A 
common sequencing-by-synthesis method is to use DNA polymerase to extend DNA 
strands in parallel. Sample preparation of sequencing-by-synthesis starts with the 
creation of large population of molecular clones using emulsion PCR or bridge PCR 
amplification. One target DNA molecule is amplified and either attached on a bead 
or a sequencing plate. After the creation of molecular clones, each clone is then 
sequenced. Nucleotides are provided either one at a time so that the unknown 
sequence is identified by the incorporation of dNTPs as extension proceeds. A 
method of 454 Life Science is based on a pico liter plate carrying millions of 
molecular clones attached on beads. A method of Illumina is based on a reversible 
terminator linker and bridge amplified molecular clones. 
2.6 Comparison of Sequencing Platforms 
 
 ２７ 
Performance metrics of DNA sequencing platforms are categorized as follows: 
sequencer cost (instrument cost, $), sequencing yield per run (Mb or Gb/run), read 
number per run (million reads or billion reads/run), read length (500bp), sequencing 
cost per run ($/run), run time (hr). For example, ‘read number per run’ can be a 
number of molecular clones in each run. 454 GS FLX platform produces 1 million 
reads per run, and there are 1 million molecular clones (attached on bead) are 
present in pico liter plate.  
 






Chemical gene synthesis is the basic technique for the design of enhanced 
biochemical production pathway and functional genome study. Various genes are 
necessary to investigate protein functions and combination of different genes is 
required to study protein-protein interaction for target identification. However, 
conventional gene synthesis produces high error rates from chemical synthesis of 
short oligonucleotides due to the cyclic nature of phosphoramidite reactions. A high 
error rate of oligonucleotide produced by cyclic chemical synthesis limits long DNA 
synthesis. Furthermore, it requires not only time-consuming and laborious cloning 
and Sanger sequencing but also expensive overall cost.  
For example, total synthesis of artificial bacterial genome (size of 1 mega bases) 
requires around 10,000 different synthetic oligonucleotide length of 100bp. To 
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remove error of chemically synthesized oligonucleotide, number of cloning and 
Sanger sequencing verification is estimated to around 10,000 ~ 100,000. Also, 
studying functional genome relevant for cancer requires 1,000 modified genes with 
1kb for each gene. Total length of modified gene for the study of cancer functional 
genomics is 1Mb. Order of work for today’s challenging biotechnology requires 
massive amount of effort and resource. [20] 
 
 
Figure 3.1 System overview of high throughput molecular clone manipulation. 
In this work, as depicted in figure 3.1, I used microarray oligonucleotides pool 
containing millions of oligonucleotides to significantly lower down price of starting 
material. Based on the highly parallel molecular clone production and sequencing, 
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burdensome cloning and Sanger sequencing steps are not required. After sequencing, 
we mathematically map the beads containing error-free oligonucleotides with 
sequencing results and optically retrieve those beads with pulse laser retrieval 
system. Retrieved sequence verified oligonucleotides are PCR amplified for the 
downstream experiment. 
Two very accurate, computer controlled motorized stages face each other holding 
NGS plate and PCR plate respectively. We randomly picked several cornerstone 
beads from local area. By Sanger sequencing of those cornerstone beads and 
comparing them with sequence information of NGS, we can link virtual location of 
sequence information to real world coordinate. Due to its imaging distortion of NGS 
machine, it is almost impossible to globally map real world location of wanted 
sequence beads. However, error from imaging distortion can be minimized in 
relatively small area where real world location of sequence verified microbead is 
predictable using linear transformation algorithm. Thermal expansion or radiation 
pressure of focused pulse laser plays a major role to retrieve microbeads that 
contains sequence verified oligonucleotides. In contrast to pick and place method, 
owing to non-contact nature of laser light, we can easily avoid cross-contamination 







4.1 Sequence Design for Microarray DNA synthesis  
We use oligonucleotides from DNA microarray chip for the assembly of total 
sequence. Oligonucleotides should have the form including primer sites, restriction 
sites (EarI or BstI produces blunt end recognizing specific sequence on double 
strand DNA) and main body for assembly. Custom designed MATLAB code was 




Figure 4.1 Construction of microarray DNA. 
 
%% Oligo design for Long sequence synthesis %% 
clear all 
  
%% Sequence Concatenation  
fid = fopen('Mouse_mitochondrial_genome_complete_sequence.dat'); 
rawSequence = textscan(fid, '%s','bufsize', 100000); 
  
%% Oligos: Main assembly %% 
  
fw_univ = 'AGGGCATCTTAGCGGTCG';             % forward universial primer 
rv_univ = 'CCACACATGGCACCTTTG';             % reverse universial primer 
  
fw_earI = 'CTCTTCT';                    % forward earI restriction site 
rv_earI = 'AGAAGAG';                    % reverse earI restriction site 
  
fw_flanking = strcat(fw_univ,fw_earI); 




L_total = length(rawSequence{1,1}{1,1}); % Total length of gene 
sequence 
L_oligo = 100; % Length of microarray oligo 
L_flanking = length(fw_flanking); % Length of flanking primer 
sequences 
L_overlap = (L_oligo-2*L_flanking)/2; % Length of overlap sequences 
L_frag = L_oligo-2*L_flanking; % Length of main body sequences 
N_frag = ceil(L_total/(L_frag-L_overlap)); % Total number of 
fragments 
  
oligo = fopen('SNU_full_overlap_Kutzneria_EarI.txt', 'w'); 
  
N_iter = N_frag; 
 for n=1:N_iter-1 
        if n < N_frag-1 
            catSequence = strcat(rawSequence{1,1}{1,1}((n-1)*(L_frag-
L_overlap)+1:(n-1)*(L_frag-L_overlap)+L_frag)); 
            medCat = upper(strcat(fw_flanking,catSequence, 
rv_flanking));       % Concatenation of overlap and main body 
            
fprintf(oligo,'SNU_full_overlap_Kutzneria_EarI %u\t%s\n',n,medCat); 
        else 
            catSequence = strcat(rawSequence{1,1}{1,1}((n-1)*(L_frag-
L_overlap)+1:length(rawSequence{1,1}{1,1}))); 
            medCat = upper(strcat(fw_flanking,catSequence, 
rv_flanking));       % Concatenation of overlap and main body 
            
fprintf(oligo,'SNU_full_overlap_Kutzneria_EarI %u\t%s\n',n,medCat); 
        end 
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    end 
  
fclose(oligo); 
4.2 Emulsion PCR for Reduced Amplification Bias  
We analyzed 1852 oligonucleotides with 454 GS FLX sequencing platform. One of 
the key problems we found is the significant amplification bias. A certain 
oligonucleotides in 1852 pool have strong preference to be amplified than other 
oligonucleotides. Once easily-amplifiable-oligonucleotide dominates, they consume 
every dNTPs and primers. Thus, emulsion PCR is required for unbiased 
amplification. If biased oligonucleotide pool is analyzed and retrieved from NGS 
platform, coverage of desired oligonucleotides would be low. 
4.3 Optimization of Emulsion PCR Condition 
Emulsion size and template concentration may affect amplification bias when 
performing PCR of oligonucleotide pool. Quantitative measure of emulsion 
generation is required for setting optimal and reproducible protocol. Fluorescence 
labeled oligonucleotide is used for clear image processing. 
Emulsion PCR was performed with different magnet rotation speed. (RPM 600, 
900, 1200) Duration of rotation is fixed to 5min. After emulsion generation, samples 
were re-suspended on slide glass and many images were acquired in every 
experiment condition with fluorescence microscope. Size of emulsion was analyzed 
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in custom built MATLAB code. 




W1 = imread('1200-1.tif'); % Input microscope picture 
imshow(W1); 
[centers1, radii1,metric1] = imfindcircles(W1,[1,60], 
'Sensitivity', 0.5, 'EdgeThreshold',0.25); 
  
W2 = imread('1200-2.tif'); % Input microscope picture 
imshow(W2); 
[centers2, radii2,metric2] = imfindcircles(W2,[1,60], 
'Sensitivity', 0.5, 'EdgeThreshold',0.25); 
viscircles(centers2, radii2,'EdgeColor','b'); 
  
W3 = imread('1200-3.tif'); % Input microscope picture 
[centers3, radii3,metric3] = imfindcircles(W3,[1,60], 
'Sensitivity', 0.5, 'EdgeThreshold',0.25); 
 
In three rotation speed conditions, RPM 900 shows sharpest distribution peak 
and 1200RPM result shows there are smaller emulsion than other conditions. For 
successful emulsion PCR, template concentration and number of emulsion should be 
matched. After emulsion generation, emulsion was diluted 100x and dispensed on 
hematocytometer. Image processing was applied to count emulsions and analyzed. It 
is assumed that number of emulsion at our current emulsion generation protocol is 
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about 10^7. Also, template volume when generating emulsion is 200uL, average 
number of template in an emulsion is about 600 copy (divided by 6x109). 
 
Figure 4.2 Optimization of emulsion PCR condition. Spin speed 900RPM shows the most 




Figure 4.3 Hematocytometer based emulsion condition optimization. 
4.4 Adapter Ligation for Next Generation Sequencing 
Conventional blunt ligation is performed using strategy 1 (phosphorylated DNAs). 
However, we found that there are significant adapter dimers and template-adapter 
by-products. Gel electrophoresis reveals that there are significant byproducts in 
phosphorylated adapter and phosphorylated template. Non-phosphorylated adapter 
inhibits adapter-adapter ligation. Big difference can be seen in ligated product 
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between strategy 1 and strategy 2. Still, there are byproducts which will reduce 
template coverage in NGS. Gel electrophoresis reveals that there are significant 
byproducts in phosphorylated adapter and phosphorylated template. There are 
significant difference in ligated product between strategy 1 and strategy 2. 
Undesired byproducts will reduce template coverage in NGS.  
 
Figure 4.4 strategies for the adapter ligation: 1) phosphorylated adapters + phosphorylated 
template (blunt ligation), 2) non-phosphorylated adapters + phosphorylated template (blunt 




Figure 4.5 Gel electrophoresis study of adapter ligation. 
 
Figure 4.6 Optimal adapter ligation strategy. 
4.5 Comparison of the Emulsion PCR and Normal PCR 
To test the sample preparation condition, 2 samples were analyzed with NGS. 
Sample 1 includes amplified microarray oligo pool. Both emulsion PCR product and 
normal PCR product were equally concentration-calibrated and pooled in sample 1. 
Sample 2 includes 4 different lengths of DNA. 720bp is GFP, 1.3kb is 5’UTR+GFP, 
1.5kb is 5’UTR+GFP+SV40, and 2.5kb is MutS gene. These samples were weighted 
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concentration-calibrated and pooled. Gel electrophoresis QC before sequencing run 
indicates that we prepared samples correctly.  
 
Figure 4.7 Sample distribution and gel electrophoresis QC. (Left-Down) Sample of 130bp 
template, (Right-Down) Sample of 720bp, 1.3kb, 1.5kb, 2.5kb mixture 
Sequencing chemistry used in this run is FLX+ which is different from normal 
GS FLX. FLX+ (FLX plus) should produce longer read length of maximum 800bp, 
whereas normal FLX usually produces 400bp maximum. 454 GS FLX gives 1/8 
lane produces 80~100k reads. 60k reads were produced in the experiment. Lane 1 
shows clear read length distribution around 130bp. Lane 2 shows various read length 
distribution. Length of our sample is almost over the read length limit of 454 FLX+. 
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Analysis is performed with custom MATLAB code. 
clear all 
  
%% Read 454 files 
 filename_2='454reads_2.dat'; 
fid_2 = fopen(filename_2); 
A2 = textscan(fid_2,'%s'); 
 %% Read Oligo List 
  
sgi130_2='gene_2500bp.txt'; 
fid_sgi130_2 = fopen(sgi130_2); 
A_sgi130_2 = textscan(fid_sgi130_2,'%s'); 
A_sgi130_2 = upper(A_sgi130_2{1,1}); 
   
%% Sequence Find 
 B2 = cell(length(A2{1,1}),1); 
 filename_lane2 = '2500bp.dat'; 
fid_lane2 = fopen(filename_lane2, 'w'); 
  
for n_oligo = 1:length(A_sgi130_2)/3 
    oligo_seq = A_sgi130_2{3*n_oligo,1}; 
    S_sequence = A_sgi130_2{3*n_oligo,1}; 
    for n2=1:length(A2{1,1}) 
        B2{n2,1} = strfind(A2{1,1}{n2,1},S_sequence); 
           if B2{n2,1} ~= 0 
               
[Score,S_align]=nwalign(S_sequence,A2{1,1}{n2,1},'Alphabet', 
'NT', 'Gapopen',2, 'Extendgap', -1); 
               fprintf(fid_lane2, 'Oligo name: %s\nOligo 
sequence: %s\nBead ID:%s\nBead 
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Location:%s %s\n%s\n%s\n%s\n\n\n', A_sgi130_2{3*n_oligo-1,1}, 
S_sequence,A2{1,1}{n2-5,1}, A2{1,1}{n2-3,1}, A2{1,1}{n2-2,1}, 
S_align(1,:),S_align(2,:),S_align(3,:)); 
           end 







After sequence adjustment of erroneous homopolymeric flanking site, read coverage 
was analyzed. There are correct read distributions of product produced by different 
amplification methods. 
 




Figure 4.9 Comparison of the sequencing result between normal PCR (Left) and emulsion 
PCR (Right). Sequencing result from normal PCR shows there is significant amplification 
bias, but the result from emulsion PCR shows there is much reduced amplification bias. 
4.6 shRNA Producing Oligo Design  
The RNAi Consortium (TRC) is an academic project that identifies RNA 
interference function in entire human genome. I download the library file that has 
shRNA inducing DNA sequences and then sorted for ARS gene panel and ARS 
interacting gene panel. Double stranded DNA should be inserted in vector for siRNA 
production. After the sorting of TRC library, universal adapters and ligation sites are 
tagged.  CCGG should be a 5’ overhang of forward oligo, but producing sticky end 
of CCGG is limited in restriction enzyme. Since recognition site of endonuclease is 
limited, restriction sites are classified into 4 restriction sites. We performed 
amplification of shRNA inducing oligonucleotides. There is significant amplification 
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profile difference between normal PCR and emulsion PCR. Band cut and purified 
products were analyzed with NGS. 
 




Figure 4.11 shRNA emulsion PCR result. 
4.7 Protocol for Emulsion PCR  
Materials 
 Oil-surfactant mixture 
Component Amount Final concentration 
Span 80 2.25 mL 4.5% (vol/vol) 
Tween 80 200 uL 0.4% (vol/vol) 
Triton X-100 25 uL 0.05% (vol/vol) 
Mineral oil To 50 mL  
 




Pfu premix 2 (2x) 130 uL 
Forward primer (20uM) 13 uL 
Reverse primer (20uM) 13 uL 
BSA (0.1g/mL) 2 uL 
Distilled Water 101 uL 
Template (≤109 = 1.66 fmol) 1uL 




1. Transfer 400uL of oil-surfactant mixture in cryo-tube and magnetic stirring 
bar 
2. (can be skipped) 5 min stirring using rotating magnet, 900 RPM 
3. Add 20uL PCR mixture x 10 times (total 200uL) in a drop-wise manner 
4. 5 min stirring using rotating magnet, 800 RPM (N.B. : tube centering on 
magnet rotor) 
Thermo-cycling 
5. Pipet the emulsion into PCR tubes as 8~10 aliquots of 50uL. 
6. Pippete 50uL of the aqueous phase into a well as a non-emulsified control 
7. Run thermo-cycler 
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Step Temperature Duration 
Initial activation 95 ℃ 3 min 
Denaturation 95 ℃ 30 sec 
Annealing 55 ℃ 30 sec 
Elongation 72 ℃ 30 sec 
Final elongation 72 ℃ 5 min 
Final hold 4 ℃ ∞ 
Breaking the emulsion 
8. Pool the emulsified PCR reactions in a 1.5mL microcentrifuge tube (8 PCR 
tubes per 1.5mL microcentrifuge tube) 
9. Centrifuge at 13,000rpm for 3 min at 25 °C 
10. Dispose of the upper (oil) phase 
11. Add 500uL isobutanol in each microcentrifuge (containing eight 50uL 
emulsified PCR product) 
12. Mixing with vortex machine 
13. Centrifuge at 13,000rpm for 3 min at 25 °C 
14. Dispose of the upper phase 
15. (can be skipped) Perform step 11~13 again 
16. Perform PCR purification referring to kit manual (ok to use isobutanol 
instead of isopropanol for the purification additive: add 340ul PCR binding 






Non-contact Retrieval of Molecular 
Clones  
5.1 Pulse Laser based Molecular Clone Retrieval System  
Figure 5.1 shows the schematic and picture of pulse laser retrieval system. Two very 
accurate, computer controlled motorized stages face each other holding NGS plate 
and PCR plate respectively. We randomly picked several cornerstone beads from 
local area. By Sanger sequencing of those cornerstone beads and comparing them 
with sequence information of NGS, we can link virtual location of sequence 
information to real world coordinate. Due to its imaging distortion of NGS machine, 
it is almost impossible to globally map real world location of wanted sequence beads. 
However, error from imaging distortion can be minimized in relatively small area 
where real world location of sequence verified microbead is predictable using linear 
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transformation algorithm. Thermal expansion or radiation pressure of focused pulse 
laser plays a major role to retrieve microbeads that contains sequence verified 
oligonucleotides. In contrast to pick-and-place method, owing to non-contact nature 
of laser light, we can easily avoid cross-contamination and prompt retrieval process 
can be done within few seconds/bead even with non-optimized prototype. 
 
Figure 5.1 Work flow and system construction. (A) Layout of the system. (B) System 
construction. (1) Target sequences are fragmented in silico and the fragments are synthesized 
on microarray in parallel manner. (2) Microarray oligonucleotides are amplified by emulsion 
PCR. (3) Amplified oligonucleotides are sequened by NGS technology and 454 sequencing 
is used in our case. (4) After sequencing, error-free oligonucleotides are retrieved from NGS 
substrate plate. To do this, mathematical mapping between sequencing data which give 
location of each sequenced read and NGS substrate plate. (5) Retrieved oligonucleotides are 
assembled to error-free long target sequence in test tube 
The bright spots of transmission microscopy of NGS chip clearly shows the 
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physical retrieval of sequence verified oligonucleotide beads (figure 5.2).  
 
Figure 5.2 Target sequence bead retrieval. Target oligonucleotide is extracted from NGS 
sequencing plate (left). 1 is targeted and 2-7 which are around the target are extracted. 
Retrieved oligonucleotides are PCR amplified and visualized by gel electrophoresis (right). 
Sample 2 and 6 have no DNA template. 
As explained before, prediction of real world location of object bead in local 
area is possible by using cornerstone beads and mathematical transformation 
function. To see feasibility of our system, we locally map the location of several 
beads which contains oligonucleotides sequences we want. After retrieval of those 
beads from the NGS plate followed by PCR amplification and gel purification, then 
oligonucleotides are Sanger re-sequenced to be compared with NGS data. We 




Figure 5.3 Step and scan method to identify PTP wells. Every step image was stored and 
concatenated for the reconstruction of whole PTP image. Scaling and rotation was performed 
for the asymmetric location of PTP in the scanning stage. 
Every well image was scanned/taken and stitched together. An algorithm for the 
correction of junction mismatch is incorporated due to the stage error and every scan 
image is stitched together. In the stitched image, we could identify the position of 
retrieved beads. These beads are used for identification of cornerstone. Bead PCR 
and Sanger Sequencing would tell us the sequence information of DNA. Image 
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concatenation algorithm was written by MATLAB.  
 
clear all 
   
%% Input variables 
  
%Image dimension 
x_dim = 1280; 
y_dim = 960; 
  
%Number of image 
n_image_x = 11; 
n_image_y = 10; 
  
% x-axis distortion 
x_overlap = 640; 
x_y_offset = 6; 
  
y_overlap = 320; %1~2 lane 
y_x_offset = 6;  %1~2 lane 
  
y_optimal_range = 30; 
  
y_optimal = 0; 
         
% Write image file name 
w_name = 'figure_out\testfig.jpg'; 










n_x = 1; 
n_y = 1; 
  
for n_y = 1:n_image_y  
    for n_x = 1:n_image_x 
        if n_y == 1 
            image_name = 'lane'; 
            image_y_index = num2str(n_y-1); 
            image_bar = '-'; 
            image_x_index = num2str(n_x); 
            image_ext = '.jpg'; 
            image_file = 
[image_name,image_y_index,image_bar,image_x_index,image_ext]; 
            im_call = imread(image_file); 
            y_pos = (n_y-1)*(y_dim-y_overlap)+(n_x-
1)*x_y_offset+1:(n_y-1)*(y_dim-y_overlap)+(n_x-
1)*x_y_offset+y_dim;         
            x_pos = (n_image_y-n_y)*y_x_offset+(n_x-1)*(x_dim-
x_overlap)+1:(n_image_y-n_y)*y_x_offset+(n_x-1)*(x_dim-
x_overlap)+x_dim; 
             
             
         
            A(y_pos , x_pos , :) = im_call(: , : , :); 
        else 
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            image_name = 'lane'; 
            image_y_index = num2str(n_y-1); 
            image_bar = '-'; 
            image_x_index = num2str(n_x); 
            image_ext = '.jpg'; 
            image_file = 
[image_name,image_y_index,image_bar,image_x_index,image_ext]; 
            im_call = imread(image_file); 
             
            image_y_index_prev = num2str(n_y-2); 
            image_file_prev = 
[image_name,image_y_index_prev,image_bar,image_x_index,image_e
xt]; 
            im_call_prev = imread(image_file_prev); 
             
            image_diff = zeros(y_optimal_range,1);            
             
             
            for i = -
floor(y_optimal_range/2):floor(y_optimal_range/2) 
                im_call_prev_edge = im_call_prev(y_dim-
y_overlap+1+i:y_dim-floor(y_optimal_range/2)+i,1+10:x_dim-
y_x_offset,:); 
                im_call_edge = im_call(1:y_overlap-
floor(y_optimal_range/2),y_x_offset+1+10:x_dim,:); 
                image_diff(i+floor(y_optimal_range/2)+1,1) = 
sum(sum(sum(abs(im_call_edge - im_call_prev_edge)))); 
            end 
             
            [u,v] = min(image_diff); 
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            y_pos = (n_y-1)*(y_dim-y_overlap)+(n_x-
1)*x_y_offset+1:(n_y-1)*(y_dim-y_overlap)+(n_x-
1)*x_y_offset+y_dim;         
            x_pos = (n_image_y-n_y)*y_x_offset+(n_x-1)*(x_dim-
x_overlap)+1:(n_image_y-n_y)*y_x_offset+(n_x-1)*(x_dim-
x_overlap)+x_dim; 
             
            y_pos = y_pos + v - floor(y_optimal_range/2); 
             
             
            A(y_pos , x_pos , :) = im_call(: , : , :);        
        end 
    end 
    n_y 
end 






Figure 5.4 Cornerstone bead identification. Beads were retrieved by Laser system and DNA 
attached on each bead was amplified for the downstream cloning for corner stone sequence 
identification. Positional information was identified after the sequencing of each clones. 
We identified 8 cornerstones. In lane 3 of pico liter plate, we tagged barcode 
sequence before the template sequence starts. PCR product from bead was TOPO 
cloned and sent out for sequencing. (Quality of Sanger sequencing from plasmid is 
superior to that from the PCR product.) PIF file generated in every cycle of 454 
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sequencing was called. 454 sequencing data come from the image processing of 
these images. Bright pixels in the combined image of PIF and sequencing data are 
sequencing pixel data. 
clear all 
  
%% Read 454 files 
filename_1='454reads_2.dat'; 
fid_1 = fopen(filename_1); 
A = textscan(fid_1,'%s'); 
  
% Data coordinates 
box = zeros(4096,4096); 
  
%% Data extraction core 
  
for n=1:length(A{1,1})/6 
    i = strfind(A{1,1}{6*n-3,1},'='); 
    j = strfind(A{1,1}{6*n-3,1},'_'); 
    x = A{1,1}{6*n-3,1}(i+1:j-1); 
    y = A{1,1}{6*n-3,1}(j+1:length(A{1,1}{6*n-3,1})); 
    box(str2num(y),str2num(x))=1; 
    n 
end 
  
%% Lane truncation 
A_tr = box(:,500:1000); 






   
%% Image overlay 
figure; imshow(im1); 
hold on 
h = imshow(z); 













Development of Microfluidic DNA 
Preconcentrator 
6.1 Introduction 
Detection of DNA in a microfluidic environment has attracted much attention due to 
its substantial importance to forensic science, clinical diagnostics, and cancer 
research. In practice, the short path length of the microfluidic channel and small 
copy number of the target DNA make sensitive detection challenging. To alleviate 
these limitations, various techniques have been reported in a form of miniaturized 
systems. [31-43] The conventional way to enhance the sensitivity of detection is to 
increase the copy number of DNA by chemical amplification through polymerase 
chain reaction (PCR). [31-33] However, various components are necessary in PCR 
chemistry, such as enzymes and primers as well as precise temperature control. It 
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may also be necessary to incorporate subsequent purification steps before analysis, 
which adds additional complications to miniaturization. One promising alternative to 
sensitive detection of DNA would be the capability to concentrate the sample DNA 
prior to the analysis without any additional chemical involvement. 
Sample preconcentration exploits various sample characteristics, including electric 
charge, size, mobility, and affinity. [34-43] DNA has the unique property of having a 
uniform charge to size ratio, making charge selective preconcentration efficient. 
Among the preconcentration techniques using the electric properties of DNA, the 
electrokinetic trapping technique has received much attention due to its high 
sensitivity and easy miniaturization. Electrokinetic trapping usually utilizes a 
nanochannel (or nanoporous membrane) that has an inherently fixed charge, 
allowing for enrichment of counter ions along the structure while excluding co-ions. 
[41-43] The local electric field gradient and concentration polarization are induced 
when an electric field is applied across the charged nanochannel so that sample 
preconcentration can be achieved. The electrokinetic trapping technique does not 
suffer from overall device size, since the preconcentration occurs in the immediate 
proximity of the ion-depletion boundary, and has shown a high efficiency for 
concentrating charged biomolecules. The conventional fabrication process to 
incorporate an ion-permselective membrane into a microfluidic device involves 
complex steps such as multiple masking and subsequent reactive ion etching (RIE). 
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Furthermore, conventional contact mask lithography may suffer from diffraction 
mediated blurred pattern when exposing micrometer-sized pattern through the 
millimeter-thick glass substrate, which reduces spatial resolution. Previously, an 
optofluidic maskless lithography (OFML) system was developed to provide 
dynamic in situ polymerization in a microfluidic environment. [44-46] In the OFML 
system, a computer-controlled spatial light modulator dynamically generates an 
arbitrary pattern of ultraviolet (UV) light, reducing the complex polymerization 
process by doing away with the necessity of physical photomasks and mask 
alignment. In this paper, we present a miniaturized biological sample 
preconcentrator using charge selective hydrogel, poly-AMPS (2-acrylamido-2-
methyl-1-propanesulfonic acid) via OFML. Additionally, a three dimensional optical 
characterization of the charged hydrogel and preconcentration profile is presented. 
6.2 Materials and Methods 
Reagents: 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 2-hydroxy-4′-(2-
hydroxyethoxy)-2-methylpropiophenone, N,N′-methylenebisacrylamide, 3-
(trimethoxysilyl) propyl methacrylate (TMSMA), glacial acetic acid, potassium 
phosphate dibasic, and fluorescein disodium salt were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Ethyl alcohol, isopropyl alcohol (IPA), potassium 




Figure 6.1 Schematic illustration of instrumentation for charge selective preconcentration. A 
negatively charged hydrogel is produced using the OFML system. A spatial light modulator 
(DMD) used within the system produces dynamically patterned UV light with arbitrary 
shape. 
hydroquinone (HQ), and sodium hydroxide (NaOH) were purchased from Daejung 
Chemicals (Korea). All materials were used as received without further modification. 
De-ionized (DI) water was prepared using Milipore’s filtration system (Billerica, 
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MA, USA). Fluorescent oligomer (Sequence: 5’- Cy3 – GAA GTT GTA GAG TGT 
-3’) was purchased from IDT (Commercial Park Coralville, IA, USA). Buffer 
solutions were 20 mM phosphate buffer at pH 9.3 unless otherwise stated. We used 
100nM Cy3 labeled DNA solution in 0.1x TE buffer mixture (1mM Tris, 0.1mM 
EDTA, 20mM NaCl, and 0.05% SDS) for the preconcentration analysis. 
Microfluidic chip fabrication: Fabrication of the glass microfluidic chips is based on 
the previous work. [43] The devices are fabricated by standard photolithography and 
wet etching on glass substrate, followed by thermal bonding to seal the microfluidic 
channels. The dimensions of the microfluidic channel are 50um (width) and 12um 
(height). 
Optofluidic maskless lithography (OFML) system: A schematic illustration of an 
optofluidic maskless lithography (OFML) system is shown in Figure 1. The system 
includes an optical microscope with fluorescence filter cubes (IX71, Olympus), UV 
source (200W, mercury-xenon lamp, Hamamatsu) and a digital mirror device (DMD, 
Texas Instrument). UV light from the UV source passes through a beam collimator, 
prior to redirection by the DMD. The pattern of UV light is controlled by a DMD 
with self-designed computer program, which synchronizes the pattern of the DMD 
and the incident UV light. Patterned UV light travels through the side port of the 
microscope and reflects off a dichroic mirror. The pattern of UV light is focused by 




Figure 6.2 3D optical characterization of a negatively charged hydrogel produced by 
optofluidic maskless lithography. 
of interest. The size of a micromirror in the DMD is 13.68 um ⅹ 13.68 um, so the 
calculated ideal resolution of each micromirror after focusing is ~0.7 m when 
using 20x objective lens with numerical aperture (NA) of 0.45. 
Poly-AMPS fabrication: Prior to the fabrication of poly-AMPS, TMSMA is coated 
inside the microfluidic channel to covalently link the substrate and the poly-AMPS. 
200 uL of TMSMA is diluted with 500uL of DI water and 300 uL glacial acetic acid. 
The microfluidic channel is filled with the dilute TMSMA mixture for 3 min in a 
dark environment, then washed with IPA and dried. The monomer solution for poly-
AMPS fabrication is prepared with 2 M AMPS in DI water, 2 wt% 2-hydroxy-4′-(2-




Figure 6.3 Microfluidic channel design for charge selective preconcentration using 
negatively charged hydrogel, poly-AMPS. The charged sample is injected into the main 
channel (S-D) while potassium phosphate buffer is added to the polymer channel (P). 
200ppm HQ. The monomer solution is flowed into the microfluidic channel, and 
then a UV pattern is generated by the OFML system and exposed on the 
microfluidic channel containing the monomer solution. Patterned UV light with 
energy of 6.8W/cm2 is exposed through the 20X objective lens (Olympus, 
N.A.=0.45). After polymerization, the microchip is washed with a 1 M KCl solution. 
Chip manipulation: 0.1 N NaOH is flowed through each microchannel for 3 min to 
enhance electro-osmotic flow (EOF). Two power supplies (IT 6720, Itech and 
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E3633A, Hewlett Packard) are used for voltage application via Pt electrodes. 
Optical system: Optical micrographs are acquired by a true-color charge coupled 
device (CCD) camera (DP71, Olympus) which is directly aligned to an inverted 
microscope (IX71, Olympus) with a high pressure mercury lamp. 3D fluorescent 
micrographs are acquired using a confocal microscope (CTR6500, Leica).  
6.3 Results and Discussion 
The three dimensional (3D) morphology of the poly-AMPS structure fabricated by 
the OFML system is analyzed using a confocal microscope. The 3D shape of the 
charged nanoporous structure is important because slight asymmetry or sharp edges 
along the polymeric wall can affect the electric potential distribution near the 
charged hydrogel so that the overall preconcentration profile changes. To 
characterize this, we inject the monomer solution into the microfluidic channel, and 
expose the patterned UV light of 50 um by 100 um within a wide-open region of the 
microfluidic channel. The polymerized structure has a height of 12 um; the same 
height of the microchannel. After polymerization, uncured monomer solution is 
washed with 1M KCl solution, then the solution of 10 uM fluorescein sodium salt in 
20 mM phosphate buffer is added to the channel opening. The negatively charged 
fluorescein molecule cannot diffuse into the negatively charged poly-AMPS network, 
which allows us to monitor the 3D morphology via confocal microscope. 




Figure 6.4 3D characterization of sample preconcentration. Negatively charged fluorescein 
molecule is used for analysis. (a) Time dependent sample preconcentration profile. (b) 3D 
confocal microscope image after 1 hr of preconcentration. (c) Top view of preconcentration 
profile (b). (d) Cross sectional side view of (b). 
of the polymeric structure are shown in Figure 2. The 3D fluorescent confocal 
microscope image reveals that the polymer structure produced by OFML system has 
smooth and vertical wall profile. The OFML system provides sufficient depth of 
field in a confined channel with 12 um height. 
   Design of the microfluidic chip for the preconcentration of the charged molecule 
is shown in Figure 3 (a). Using the OFML system, we produced two poly-AMPS 
structures in the polymer channel (P) adjacent intersection with the main channel (S-




Figure 6.5 Preconcentration profile of DNA. Cy-3 labeled 15 bp ssDNAs are concentrated 
adjacent to the ion-depletion region. (a) Time dependent sample preconcentration profile. (b) 
Fluorescence intensity across the main channel at the middle. (c) (Left y-axis) Integrated 
fluorescence intensities over the entire preconcentrated plugs, (Right y-axis) peak 
fluorescence intensities of preconcentrated plugs. 
fluorescein sample is loaded into the main channel (S-D), while buffer solution is 
loaded into the polymer channel (P). Fluorescein solution flows through the main 
channel when voltage is applied to both channel ends. Detailed explanations of the 
preconcentration mechanism can be found in previous work. Briefly, when P 
reservoirs are grounded to 0 V, cations are selectively extracted through the 
negatively charged hydrogel, and anions expelled from the area near the negatively 
charged hydrogel. As a result, an ion-depletion region develops between the two 
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hydrogel plugs. Along the ion-depletion region, the electric resistance and 
corresponding electric field substantially increase. Therefore, electrophoretic force 
(EP) is locally strengthened at the ion-depletion region. Near the ion-depletion 
region, the direction of anion EP is the opposite of the EOF of the main channel, 
thus anions entering the ion-depletion region experience an enhanced EP that drives 
them back toward the sample reservoir. Consequently, anions are stacked to the left 
of the ion-depletion boundary where the main channel flow rate and the EP balances 
each other.  
   To characterize the local concentration of charged molecules in our device, we 
applied 30V at the sample reservoir (S), 20V at the drain reservoir (D), and 0V at the 
polymer reservoirs (P). The concentration dynamics are shown in figure 4 (a). One 
can see the local concentration of negatively charged fluorescein increases as time 
passes. 3D optical characterization performed after 1 hour of preconcentration via 
confocal microscopy (Figure 4 (b)-(d)) clearly illustrates an increase of the 
fluorescein concentration prior to the ion-depletion region at the channel intersection. 
Figure 4 (c) is a horizontal cross section of the concentrated region. Concentration of 
the fluorescein is highest near the ion-depletion region and decreases as the location 
approaches the sample reservoir (S). Figure 4 (d) is the vertical cross section of the 
concentrated region. A 3D fluorescence image reveals that the local concentration of 
the charged molecule is highest at the center of the vertical channel and the profile is 
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symmetric across entire 50 um width of the microchannel. The preconcentration 
process is stable even after 1 hour of accumulation. 
   Lastly, we demonstrate the preconcentration of the DNA. 100 nM Cy-3 labeled 
single stranded oligonucleotides of 15 base pairs in 0.1x TE buffer mixture is flowed 
into the main channel (S-D). We applied 40V at the sample reservoir (S), 5V at the 
drain reservoir (D), and 0V at the polymer reservoirs (P). The dynamics of the DNA 
concentration are shown in Figure 5 (a). At time zero, before the voltage application, 
the fluorescence signal is very weak. However, a strong fluorescent signal is 
detected at the left side of the ion-depletion region after the application of voltage. 
The spatial distribution of the local concentration along the main channel at the 
center can be seen in the figure 5 (b). The fluorescence intensity increases linearly 
for 20 s and then levels off, showing saturation after 40 s (up to ~50-fold). However, 
the size of accumulated plug increases, keeping the preconcentration rate constant 
(Figure 5c). The results reveal that DNA can be rapidly and effectively concentrated 







This thesis showed a high-throughput technique for the manipulation of molecular 
clones. With the integration of the recent advancement of highly parallel sequencing 
and synthesis of DNA, thesis introduces a method to create highly diverse molecular 
clones, to analyze individual molecular clones, and to retrieve the molecular clones. 
Method and system developed here may be applicable in a wide range of 
biotechnology area such as synthetic DNA production, antibody drug discovery, and 
functional genome study with exceptional cost reduction and increased throughput 






120303_snu_130mer 17 tcttagcggtcgttaattaaTACTATAAATTCTACAAGGATTGTACAATACTCATATGGCATACAGGGCAGAAGATTAGATTTATAAACGCCAATTAGAAAATGCAAAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 2 tcttagcggtcgttaattaaAAATAGGAATAACCAACAATAAAGCCTATCCCATGCAAAAAAGGATATTGCCACATGTTAAATAGGAATAACCAACAATAAAGCTTAACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 3 tcttagcggtcgttaattaaTTCGAATATCAAAAAGTAAAGGAAATTCTATTTGGTCTGATTCTCGCGACTGACAGGCGAGTCGACAGCTTTCAGGATATACCTGGGTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 4 tcttagcggtcgttaattaaCTCATGATTGTGCAGTCGACGATTAGGAAAATATGTCCACACATCGTGTGTAAGTGAGCTAAACATGATACATGAACTCCATCTCACCCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 5 tcttagcggtcgttaattaaTTGACTTGAGCAAGATCAGTCTTATAGCCAACCTGCGCAGAATGGAGGGATCCTTTTTCCAAAAAGAGTTCATTCATTCAATTTTTTTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 6 tcttagcggtcgttaattaaGACAGTCGGCGAGGCGTTGTTCTCTCCAGATTACGAATGTCGGTAACGAAAACGTTGCGCAAGACTTACATTAACTGTAAATTAATGACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 7 tcttagcggtcgttaattaaTGACCTGGAACGGAAGTTACATCCCCGTTCTATATCTTGTGTACAGCAAAAGCCTATTGCGAGAGTTGTTTTGTCACGGTACTTGTTACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 8 tcttagcggtcgttaattaaGATGGTAAGGGTCATTCATTGGAAAGGACATTGTGCGATTCTTTTAGCTTACAAACTGTTTTCCTACAGGACATTTAGCCCTTGTACTGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 9 tcttagcggtcgttaattaaAGGGTAAAATCACGACCAGTTTCTTGTGTTCAACAGTGAAATCAGAGGTGTTACACCACTGGAAGCAAGGTTTAGTTTGTTTTGGTTTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 10 tcttagcggtcgttaattaaCGGTGCGAGCGTCTTCATCCAGGAACGCCAAGGTAACGTCGACATCCTTCATCAACAAAAGGAAGGAAGAATACGACAAAGGCTAGTTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 11 tcttagcggtcgttaattaaTCAGTTTTAATCTCGGGGTGACGGCTTTTTTCACCTACCCTCACCCAGATGATGTAGAAACCGAATCCCTTGGTTTCTCAGAGCGATCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 12 tcttagcggtcgttaattaaATGAGGCCGAAAAAGGAGCTGACGATATTTGGGCATTATCGAACGCAAATGAGGACGAAATAAGGTGGGTTTCTGGCTTACATTGTCTTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 13 tcttagcggtcgttaattaaTTCCTTCATCCTCTCACGATAATCCCTTACTTTTAGAAGCGGGGTTGGAAGTTTCGGGAATTTGGCGATGAAGGGGTTTGGTGCATTGGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 14 tcttagcggtcgttaattaaGGAGCATGAGAACTTTTTCGATATGATCGTAGATAATGACAACAATGGCGCTTCGGGAGATCCACCCGACTTGGCTCCTTCTACTGGGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 15 tcttagcggtcgttaattaaCGTATCTCAAAATACAATGTTTGTTGCTAACGATGGTGTAAAAAAACTTGCCTCAGCTGTAGATGATGTCGCCAAAAGGCTCCTTGAGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 16 tcttagcggtcgttaattaaTGCTCCAGTAGCGTCAAGGCCTGATCTATGGAATGAAATAAGCAACAGTTTTCGCTTGGAATCTTTGAACACAAGTTTCAACGGAAGTTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 17 tcttagcggtcgttaattaaGAGTCTTCAAGAGTCACGAAACTTTGTGGGCGCGTATTGGATGGGAAGTGATCAGTAAGTATGGCTGTTTGAAACTGACTGTGAGTCTACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 18 tcttagcggtcgttaattaaGTCCCTAATGAATTTTTCACCGTGTTCGTGCAGGCATAGCGCGATTATAGCCCATATGGCTACAGAGGCAGCCAAAGTCGCGGCAAAGCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 19 tcttagcggtcgttaattaaAACTGCGGTGTTGACGACGAATAGCGCCGGTGTATCTATTTTTTTGAAGATAATAGTTGGTGTGAGCTTCTTCTTCTTTTCGGCTGGGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 20 tcttagcggtcgttaattaaGCTTCGCGACAGAATAGGACCAGAGGTTGTGGCCCAAGGCCTTAAGATACCTACAAATTTGACCGAAAAGTTGAACAAGACATTGCCCTCAGAAGAGTTGGAAGGCTATG 
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120303_snu_130mer 21 tcttagcggtcgttaattaaAACGATGTACCCTGCTGAGACCTATTTTCCAACATCTTCACTTGGACCTTCCGTGCAGCAGGTGGATTCACGCTTTCCATCTCCTTCTATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 22 tcttagcggtcgttaattaaTTCAGGGGTTCCTACTCAAAGTCAGTCGACTACAAACAATTATACTACATTAATGCCTACTCCAAGCACCAATCCAGAAAACAATCAGGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 23 tcttagcggtcgttaattaaAACGGTAACGATGAGTCCGCTCGGACTTCAGCCAACTCGGCTGCCCACTGTCCGCCATTCATCGGCAGTGGAGATGGGAAGTCTTCCTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 24 tcttagcggtcgttaattaaGAATTCAAACAGCCCGTCGACATTAGAGCCGATAGCGACCGAATCAACACCAATGAATCCAAGCAATGCTCCCTCTGACGAAGCGGCTGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 25 tcttagcggtcgttaattaaTTTGCCAGCCATGAAGCCCTCTTCCTTACCAATAGGCGAGAAAACCCTGGTGCCAAATGCAAGACCAAATACGGTAAAAACCCACGTTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 26 tcttagcggtcgttaattaaCGTTCCCTCAACTTCAACGCCCGGGGAAAACCTACTATCCAATGACAATCCAAACAATACGCCTTCTCCGTCATTGCAACCCAACAAGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 27 tcttagcggtcgttaattaaCAAATCTCCATCAAATCTCATTAACACATTGAGTCCTTCCCAAAGAGATCAACCTATTTCGGTACCAAACGCGCAGGACAGCCGGACACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 28 tcttagcggtcgttaattaaCGGGTCGCCAAACGATTCCTCGTCAAACAATACCCGACTCGGGTCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 29 tcttagcggtcgttaattaaCATTACAAAGTCCGACTGAAAATCCTTCCGCCGCCCCAGACTCGGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 30 tcttagcggtcgttaattaaCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCCCCAGACTCGGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 31 tcttagcggtcgttaattaaAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 32 tcttagcggtcgttaattaaGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 33 tcttagcggtcgttaattaaCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 34 tcttagcggtcgttaattaaCGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 35 tcttagcggtcgttaattaaGCATGCCGAGCCAGTCGCCATTTCAAAGTCCGAGTGAAAGTCCTTCCGCCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGCACCCAACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 36 tcttagcggtcgttaattaaCTAGCATGCCGAGCCAGTCGCCATTACAAAGTCCGAGTGAAAGTCCTTCCGCCGCCCCAGACTTAGGTCCTAGCTCCAGCTCTGCGCCCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 37 tcttagcggtcgttaattaaCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGAGTGAAAGTCCTTCCGCCGCCCCAGACTTAGGGCCTAGCTCCAGCTCTGCGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 38 tcttagcggtcgttaattaaAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGAGTGAAAGTCCTTCCGCCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 39 tcttagcggtcgttaattaaATGAGCCGCCGAGTATTGTTCCAAGCTCTGACCCTGACCTATCGCCGATGGCTACTCCCTCGACAGAACCAAGTACGCTTCCCACTGGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 40 tcttagcggtcgttaattaaCTTCCATACCTACACGCTATCCAGTCTCTGATTCCAAGCAAAGTGCGTACCCCAGCGCATCTCCATTGTCGACTCCGCCAGTGAAAGCCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 41 tcttagcggtcgttaattaaCGTCTTTTGACGATCCAAGTCTTGCTCCATCGATGAATCCGTCTTCTTCTCCAAGATCCAATGGCCAGTCAAGCATTGGACCAAGTGCCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 42 tcttagcggtcgttaattaaCTTCCACCAGACCAAGTCTCTCCCCTACTGGCGAGCCAAGCCACGGTCCTTCTCTTACATCGACCTCATCGCCAAGTACCAGTCCGCAGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 43 tcttagcggtcgttaattaaGCGCTCCAAGCTCGGGGCCCAGCGGAACTCCCGTAGCCGAAGCGTCGCATCAACCGAGCCACTCTCCTGTTACTGCCCCAAGCCGCATCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 44 tcttagcggtcgttaattaaCTTTTCCAAGCAGTAGTCAACAGCCCCTGGCGATCCCTATTACTCCAAGCTTTATGCCTAGCACACTTCCCAGTGCCGCACCTTCTTCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 45 tcttagcggtcgttaattaaATTTCAATGACTTTGACGGGGGTGACTACATTGGAGATTTAAGTTCCACATATGGAGTGGTCATTCATGCAACTGCAAGCACCGCTGCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 46 tcttagcggtcgttaattaaAAGCAAGAGTCTTTGACACTTCTTTACCGACGAGAGCCGCTGGAAATTTGAAGTGCACAAACAATCCGAATGATGGTGACCCAGATTTGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 47 tcttagcggtcgttaattaaGCCCCAACGGTGGTCCAGGAATCGGTAGGGGAGGTGCTCCTTTAAGCCCATACTCCAACTGCGTTGCCATTGGAAACGTCATCGTTATTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 48 tcttagcggtcgttaattaaGCCCAGACGACAGTGCTGGAGGAGGAAAAATACGATTTACCTTCACAGAACCAACTATTGTCGACTACATCCAGATGCTGGATATTGATGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 49 tcttagcggtcgttaattaaTTTTCAGGATCCACCATGCGGGTGGTCTAAACGTTACCTCATTCCCTCCGACCGGAGACAATGGCTTTTACAACCACACCGTGAACTTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 50 tcttagcggtcgttaattaaAAGTGGAATTCAACGCTTCTGGCTCCGTGGCGGGCATAGGTTACCATCGTTGTCCGCGAGCATAGTCTTGGCACGTGGCAGATTTTTGAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 51 tcttagcggtcgttaattaaACTGTAAAGGTAACCGGTCAATATGATAAAAGATGGATTGCAGAGCTTGCGTGTGCGGACTCGGTTATTGGGTCACTGCTAGACCTTCAAAGAAGAGTTGGAAGGCTATG 
 
 ７５ 
120303_snu_130mer 52 tcttagcggtcgttaattaaCGTTGTCGGGAGAAACGATACGAATGCTAGTTTCGGGTGTCTTGTTCCGTAGCGACATTGACTGGGAGAGTGCCAATGGACGAGATCGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 53 tcttagcggtcgttaattaaTCTTGACAAAATAGGTATAAAGAATTCGATACACTCTCTATACACATCAATGGTAGGTAACGAATGAACCAAGGGGTACTGTGCTCAGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 54 tcttagcggtcgttaattaaGACAACTTCTCCCTGTCAGCAGCCACGATTGGAAAAGGATTCGTACGGATAGTAAGAGTGACGTCGTCTCTCTAGCTAGAAGGAACTACTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 55 tcttagcggtcgttaattaaAAGAAACAGAAACAATAACCCCACTTGACTCGCTGCCACCAGTCCCAGTAATAGAACCAAGGGTACCGGCAATCCCTGCTTTCCCTCCTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 56 tcttagcggtcgttaattaaCAAGGTATCGAGTTCCATACCAAGGAATTGCCGAGCCGCCGCGGCGTTTTCGTTGGACCGTTCGGTGGAGAGGGATGCCGTCGAAGGTGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 57 tcttagcggtcgttaattaaCGGAATAATGGTGCGTAGGTTTTCGACTTCTTCCACGGCACGCTTATAATCTTCCAGTGCCAACTGGACCTTTTCTTCGTCGGCCTTGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 58 tcttagcggtcgttaattaaGATCGTCCGGAATCCTTCTAGTGCGGTGGTCCGACGATCCGCGGCCCGCTCGATCGCTCCCACCCGCCAACGCAACAAGGAAAAGACGAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 59 tcttagcggtcgttaattaaCCCTAAGGCCGGAACGTTCAAAACCGGTTCGAAAGAATCCGCTGGAGAAGTTGATACAGCGTTGCCAATCCAGAAGGGGGACGTAATGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 60 tcttagcggtcgttaattaaGCAAAGCGATGTTCGACTGTGCTGACTGCGGGCTCGGCGAGTCCCGGACACAAAGGTAGCGGGATGTTTCATGATGCGCGGTTATGATTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 61 tcttagcggtcgttaattaaGTTACGGCTCATTGGTTTCAGGCTTACTCGTCTATGGGAGGCATTCGTCGAAACTAAGTAGTGTTGGGGACGAGCTTGATCCGATTGTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 62 tcttagcggtcgttaattaaCGGTCCGCTAATTTGGAGGTCTGCTTACGGTGAAGAGGATACGACGTGAAAGCGATCTGAGTTGTCGTTGACTCGGTGATGTTCTTTCCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 63 tcttagcggtcgttaattaaTATTTTATACATATATATGTATGACAATACAATAATAGGAAACGAGACTCGTTGTTCTACCTGTATCATAAGTATCAAGTTTTCGAGACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 64 tcttagcggtcgttaattaaGATTGGACGACCATATCTGTGAGTTCTTTTCAGGACGAGAGAAATACCTGGCCTAACGAGGATCGTTGCAGCTTGACTACATGATGTCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 65 tcttagcggtcgttaattaaAATGGTATGGTCGTTCTGTGTGTCGGATTGAACGATAGGTTTGCACTGGCATTGGCATGAAAACCGTTGCAACGGCTCAGTTCGCTTTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 66 tcttagcggtcgttaattaaGCGGTTGGTCGGCTCCAACCAATATCTTGCGACGTACCGTATCAAACAGCTTTATGCCGCATCGTGTGCGCAGTTCTCATTCACATTTACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 67 tcttagcggtcgttaattaaAGATACCTGACGGAAAGTCGCTCGAGAAGCTTGGCGGACCGCTGGCCGCGTCGCGACTCGGACTGGATCCTTCATCGAATCGCTTCCACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 68 tcttagcggtcgttaattaaAAGACTATTCCTTCGCCGATTGGCCCTCGTTACACACCTTTCCCATGGACAAATTCGCTCGCACAGCTCACGCTCTTTTGACAACTTGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 69 tcttagcggtcgttaattaaGTTCGCTTCCTCGTCCACTGGTTCGCCAGGAATTGGATTTCTTCCGCCCGCTCGACTTTGGTGACGTTCCCCGATCCTGGTTGTCCGGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 70 tcttagcggtcgttaattaaTCGACCGCTTTCTGAATGCTCAGCTATCGCACGAAGAATGCCGGGTCATTGGATTCCGGGAACAGACGGGTCGGACGGAGCTTATTCGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 71 tcttagcggtcgttaattaaCCGGGACGGTGCTCACGTCTCAGTTGGCTTGTCGCTACGGCATCGCTGCACACGTGGCCGGCGGTACTCATCACGCCCATGTTACGGGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 72 tcttagcggtcgttaattaaTTAACGACTTGGCCGTCGCGACGCACGTCGTGACTGCGACGGAACCTTCTGTCGAGCGTGTGTTGGTCATTGATTGCGATGTGCATCAGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 73 tcttagcggtcgttaattaaTCTCGGCGGCCCCGGACGGTCCCTTGCACAGCAAACTCTACACGTTAAGTTTGCACTGTGCGAGTAATTATCCGCGCCTCAAGGCACATTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 74 tcttagcggtcgttaattaaTGCCGGACCGCATGGAGGACGATGAATATATGGACGCGTTGGTCCGCGCCGTCGACGTGGCCTTGGCCGCTGCCCAACCCGATCTAGTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 75 tcttagcggtcgttaattaaACGTATATCGCAAGGATAAATTGGGACGGCTCCACCTGACGCTCGACGGCATTCGTCGACGCGATCGGTGGGTACTGGATCGGTGCGTGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 76 tcttagcggtcgttaattaaCGGCCGTGGTCGGAGGCGGGTACGACCGTGACGTGGACGCCCTAGCACGACGACACGCAATCGTGCACGAAGAAGCCAGCTACGTGTGGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 77 tcttagcggtcgttaattaaAACGAGCCGCGCCTCTCGTGCTGACCGAGAATGACTAGAGTTGGTGAGTGATAGAGATAAGAAGGAGGAACGAGCGTAGAATAAGCATAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 78 tcttagcggtcgttaattaaGTAGGTGTAGAAATGGTTGTTGAAACTTTAAAAATTATATTTCAAAAACTGGTTTTGTATTTTGACAGTGCACGAGTACAGTGTACGGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 79 tcttagcggtcgttaattaaAGTAGAACCAACGTAGCACGAAGGGACGGAAGTCTCTTTTTCAGCATGTGCACGATATGAAAACAAAGTTCGGACGTGTGAGCTTCAGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 80 tcttagcggtcgttaattaaGAGCTCCTTTCCTTCTTTGTCACCAGAAAAGGGCCTACAATCATGAGTAGTGTAAGCAGTCGAAGTAGCCAGCCGGCGCCGTCGTCAAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 81 tcttagcggtcgttaattaaAAGCCTGCCATTGACCCGCAATCTTCTCTACTCTCGACGACGGAAAATGGAGCGGCGATTGCCATGGCCTTCCCCTCGGTAGCGTCGGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 82 tcttagcggtcgttaattaaCCGCTACGGGACGAAACTTCGGCATACCCGCTCGTCGCCAAGACGTGTTTGCAGCTCACCCATTTCGCCGCCAACGGATCTTCGGCGCATAGAAGAGTTGGAAGGCTATG 
 
 ７６ 
120303_snu_130mer 83 tcttagcggtcgttaattaaGTGGCGTCGTCGGCGCTCTTTCACGATCCGTCGTACGCGCGTATACTGACAACGGCCTTGGACGCCTTGATTGTCTGCATGCGCGACCATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 84 tcttagcggtcgttaattaaATTTTGGCAGCCCAAACACTCGCAATACTCGCCCGTGCCGGATACGCCAGGATCCGGCACTCTCCCTGGGTGTTTGCGCAACGCGAACCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 85 tcttagcggtcgttaattaaGATCAGGTGGGGTCGGAAATTCCCGCGGCGTTAGCTGTCGCGTCGCTCGACGACCCCGATGACGGGGTATCCGCCTTTGCTTTACAAGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 86 tcttagcggtcgttaattaaGGGTCGTCGCCGACCAGCGGAACGCTCGTAGAAGACGACCTAGCCAGGGAGATTGCCGCCATTGCTTTTGCCAAAGCAACACCCTACGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 87 tcttagcggtcgttaattaaGCCGACGAGGACCCATCCATCCCGAGTATGGAATTGCAAACGAGAGTGACGGAAAATATACTCATTCCGCGAATGCTGCAAATGATCGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 88 tcttagcggtcgttaattaaCGATCCGACCACGTGATCGTCGCCTTGCCCGTCGTGGTCGCCACGCTGGTCTATATGGTGCAGATTGTTCCAGCACAGTTGCAAGGTATGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 89 tcttagcggtcgttaattaaAAGCGTTGGATGGAGGTGGATGCCAAGGGTCTCGTCGATACCCTTGTCCAAGGAGTATTGCTACCGGCAATGCAATCTTCCTTGGATGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 90 tcttagcggtcgttaattaaGTCCTGGCTTCGTTGCGTCTCGCACACATCTGTCCTCAGCAATTTTGGGTACCGCAGGTGATATCCGCGACCGTAGCTACCTTGCAGGAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 91 tcttagcggtcgttaattaaCTTCCGCAATCGCTAGAACAACGCATGACCACAACGGCGGTCGTGTTAATTGCTTTGCGGGCCGTTCCCTTTCCGACTCGAACCGTGACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 92 tcttagcggtcgttaattaaATCGTGGCGGAGCTTCCCGCGACAATCCCGGTGCCTCACGGAGTTTGTACCCCTGGCGTCTTGCTTTCTTGGGAAGGCTACAACGTTTACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 93 tcttagcggtcgttaattaaGGATTCTGGACAGAAATTGCACTCTCCTTTTTTATCGATGGACCCGTGGTCGAAGGTGGAATAGCGTATCCGCGCAAAGAGTCGCTCCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 94 tcttagcggtcgttaattaaTCTTTTGTCAAGGTTCTTACCGATTCGGACAACACGCGTACAGTTTTTGCTCGCGATGAACTGCTCGTTGCCTTTGGGACGGTCGCCGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 95 tcttagcggtcgttaattaaCGTGTCGGAACGGACGGGTCATCGATCATCGTGGATCCGAACACGTCGTCGGTCGTCGAATGGGTTAAAATGGCACGACGTATTCTCGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 96 tcttagcggtcgttaattaaAATCTAGGTCCCAAGACTCCGTACTTGACGGAAGACCTGTCGATGACTTCAGCTGGTCTCGCCACTTATGCGCGCTTACTACAGGAGTGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 97 tcttagcggtcgttaattaaATACAGCCTGCCACATCCGCGGCCCTGAAGTTGACCGCCAATGCCTGTCCACCACATCTACTTTTTGACACTCTTGCTGAGTCGGCCGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 98 tcttagcggtcgttaattaaGCCGCGGATATGGGCGAAATGGAACCTTCAAGTAAACTCATGAATGAAATCGTTGTCCGCGAAGTCAAGCAGGGTATTCCGTCCCATCATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 99 tcttagcggtcgttaattaaGCTCTGGCGGCGGACCACTGGGTGCAAAGTCGCATCTTGAGTACGCGGAAGCACTTTGAAAGTAGCAAAAAGGGCGCCAGCTCTTTGAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 100 tcttagcggtcgttaattaaAGAGATATTTGTGCTGCACTTAGTCCCAAACGTATGTTGGCCAAAATTATCCAAGCTCATGTGCCTCCCGTCGATGCCGATGGAAAGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 101 tcttagcggtcgttaattaaAAGCTGGCACTAGAAACAGTTCGTGTTTGTGTCGCGTGCATCGAAAACATTGCGCTTATTGCTTGTGATTGGTTGAAACGTATTGGCTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 102 tcttagcggtcgttaattaaTTGATATCAGTTTCCGTAGGATTGTTGCAAGGGAAAATTGACGAAACACCTCTGGATAATACAATGCACAGTGTCGTGGGTCCATTCTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 103 tcttagcggtcgttaattaaATTCAAGCCTTTTACGAAAGTGACGACACTGGATTGGACCAAGCATTTCCCGTCTCCGAGCTGGTGACGCAGTCGATCAAGACAAAAATCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 104 tcttagcggtcgttaattaaTCACCGCAACCGGCAGCATCCGAAGAAGACTACCTCAAAGGCTATTTGACGCAGTTTTATCGTCAAATAGTATTAGGACGAGTAGCACAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 105 tcttagcggtcgttaattaaTCGGTTGGTTCCAGTCTCTTGATGGCGCGGCCAACGAATTGGTTGAGGCTCAGCATCCCGCCTATTCCGGAATCCAAAGATGCTCGCGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 106 tcttagcggtcgttaattaaACTCTCAACGCTTCCCGTGATTTAGTAGCAGCTTCGTCGTCTCCCTCTGATGCTACGGCTGTTGTCCTTGCCTGTATTCCGAGAAGAAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 107 tcttagcggtcgttaattaaGAAGAGTTCCGTTTGACGGTCGTAATGAGAGCCTATAATGTTACTGCAGTCGAATTCAGTAGAGGTCTTCGCCTCGAATTCGGCGTTACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 108 tcttagcggtcgttaattaaTCCGATCTAGACAACATTACTAGCATTGATGAGATCCGGTCGTTGACGAAGGTTGAGCATGCAGGATCAGGTGAACAAGACTCGATTTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 109 tcttagcggtcgttaattaaGATGAGCTAAAAGCGGGGGAATATATCACGTGGGAAGTATCACTGAGTCCTCTATCAGATAACCGAAGTATTTCCGTCGTACCCTCGGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 110 tcttagcggtcgttaattaaTCCGAACCGCTAGAAGCTGGCGCGGAATGGACTGGATATGGGATGGCGGGGAGCGGAGATATAAGCACTTCAACTGGTGCTGAAAGCAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 111 tcttagcggtcgttaattaaCAGGTAACGCAGCTGGATGGCAAACCGCACTTACAATCAAGTAAGAAATCAGAATTCGAGAATGTTCAAATTTGTGGAGAATCATTGGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 112 tcttagcggtcgttaattaaTTCCAGCCCTGTCCCTTAGTCTTCTTTCTAGATAGATGGGGAGACGTAGATACGTTCCGCTTTCTATGGTTTCGCATGTTGTTTCAAGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 113 tcttagcggtcgttaattaaGGAAATCCACAAATTTTTGTATCAACTCATGAAAAGAAGTCCTTAACGGCCAAAGTCGGGGCATTATCTGCTTTGACGTGGGATGGCGAAAGAAGAGTTGGAAGGCTATG 
 
 ７７ 
120303_snu_130mer 114 tcttagcggtcgttaattaaGCAACCAAAGCATGGGCCTTCATGACATTGTCCGGAAAAAGGATACTAGCACTTTTAACTGAATCCGAGAGCAAAGTTTCGTCGCAACCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 115 tcttagcggtcgttaattaaCGAGCCGACGACCGACTTTTGCTTTTCTCATTGGTTGGATCGAAGGCTGCCCAGGATAGAGTGGCAATCACTTTAACCCCAGGGCTGTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 116 tcttagcggtcgttaattaaTACAAGTAGCGCTCGAAACTTTATTTCTACAATATCTAAATCAAAGGTCCTCCTCAAATGGTCTGTCGATGCTTTCAACCATAATTGAACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 117 tcttagcggtcgttaattaaCCGCAATCAAACCGTCGAGTTCAGCGCGCAAGAGGTTGCGACGAGATATGTTATGTCTCGGAGTCATCTTTAGTTCGTGTTCAACCTCGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 118 tcttagcggtcgttaattaaTGTCGTTCAGATATGGCATAACCTCGCGTTTTAAAGCACTTTCGAGAAAAACGTAGCCGGAAGGAAAGACATAGAATGGTTCCCCAGAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 119 tcttagcggtcgttaattaaTGAACGCGCAACGAGCATCAGCCTTCACTTGCATGTGATGATTCCGAAGCCGTGCAATATCTTGCCGGAGAGCATCACACGTCCTATCACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 120 tcttagcggtcgttaattaaGAAAGCCATCAATCTTTGTAGAATAAGATGTCAAAGCCTCGCATATTTCATCTTTAATTTGATCGATTTGCGCAAAGTCAGGGCTGGTTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 121 tcttagcggtcgttaattaaATATTTGCTAAACGAACACAACGACATTGCAGTTATCCACTTACAGGAAGGGTAAAACGTCTTCTATTGAAATGACGTCCGGGCCACAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 122 tcttagcggtcgttaattaaCACGAGATACAACATCTTTCCCGCCCCTGCTACTGCCATCGGTTGCAGCATTCTTGGCAATCATTAACCATAAGCCTTTTCTTTCTTCTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 123 tcttagcggtcgttaattaaCAATTTCACGAGCGAGGGAGGGGTCTACTTTAAGAGCAAGTTCCACAGCTTGTTGTCGCATACCTAATCCCAAGTAAAGCTTGATTGCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 124 tcttagcggtcgttaattaaTTCCCAAAATTGTCCTAAGCGCGTAGGACAGGTCCAGAGCTGTAGAGAGTTCTTGATTCGCCGCAACAGGAGGCGTCCATTCTCCCGAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 125 tcttagcggtcgttaattaaCTTCAATCACGGCCGCCGATGATGCAACGTGTGAGGAAAGAAACTTGTAGAGCGGCTCCTCGTCCTCGAAGTTTGAGTACAAAGAAATCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 126 tcttagcggtcgttaattaaTACTCTGGCAACCTTGGCTGATTACTCCTTCCAAGTAATTTGCGGAAACAGTGGAATCATCCACGAAAGACGGTGCTTGATTGCTATTGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 127 tcttagcggtcgttaattaaGGCCGTCGTTCGAAGTCTTCGATCCCATACTGACATCGTGTCTGTTCCCTCTCGCGAAGGAAGGGTCCAGAGATCCCTGGCTCTTGGCCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 128 tcttagcggtcgttaattaaTCCGTGCCAATTCACTGCGGAGTTTTTCGTAGCGCATGATATAAGGTAAGAGCCGCAGAGGGTTCAGGCCCGCTGGATAGAGAGCGAGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 129 tcttagcggtcgttaattaaTGGGCGCCTGGGCCATAAAAATCGAAGCGTGTTTGTAGTACAGTGGCTCGGCATCTTGAAATGGAGCCTCGTTCAAGATTTTCAACGCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 130 tcttagcggtcgttaattaaAAGAAAAGGGAAAATGAATGACTTGTCAGCTGATTCAGTAAACTTGATTCTACACATGAGTACATCAGCAAAACAAACATACATTGTCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 131 tcttagcggtcgttaattaaCTGCATTGACGGCGGTGGCAATGTCACCACTCCTCGTTGCAAACGTCGCACACTCTGCAGCCTCCACATCGTGAGACGTAAGAATTTTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 132 tcttagcggtcgttaattaaTATTGTCGACGTTGGCGTCCAGAAATTGTGACAACAGAGCTTTGTGCTGCGCAGCTGTCTCCGAATCTGCTCCGCTACTAGACAAAGCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 133 tcttagcggtcgttaattaaGCTCGTGTAGATAAAGCTCAGCAAGCCAGGCACCAATCATGGTGCATGTCATTTTGTCCTCGTTCATCTTTCCAATCCTCATATTGTCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 134 tcttagcggtcgttaattaaGAAGATTGCTTGATTCCAAACTAGCGCGGGCTTTCCAAGAGCCGCCGTAACCTTGCGGATCATCGATGCCCAACTTGGGCAGAGCAAGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 135 tcttagcggtcgttaattaaATGGCTCGATATAGGAAGGGCACTGCGCCAGGTACTTGGCCGCCAATTCCGCCCTTCCCTGCGACAAGTGGTACTCGGCGCGAACAGCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 136 tcttagcggtcgttaattaaCCGAGTTGGTGCACAACGCCTTGGCCTGTTCAAACAATGCTTCTTGAGCTATTTCTTGATCCGACAAAACCGAAGTGGATCGATTGACAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 137 tcttagcggtcgttaattaaGGCGGTCGCCGGAAGACAAACCTATTGCAGTCGCTGTGGAGGCGTTTGTCAAGCACTTTTGTAACGTGAATTTCCACACGTCCCGGTCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 138 tcttagcggtcgttaattaaGTACGAGCGATCGAGCTTTACGAAGCCAGACTTGATCGGGTCGCCGAATATCCATGAGTAGGGATCCAAGTCCGAGTGCACTCTCGTTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 139 tcttagcggtcgttaattaaTGTCGAGATCGACGCGTTCCTTTTGAATAACCTTTTGTGCAACCCGGTTAACGTATCGAACCTCATTGGCTTCCGTTAGCAACACCCAGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 140 tcttagcggtcgttaattaaGCGATACGCACGGTACAATTCCTTCGGAGTAACTCAACAACCCCGTCTCCATGACCATGCTACTGCCACCAGCCAATACGCTCGGACTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 141 tcttagcggtcgttaattaaTACCGTAATATATCCCCGTTGCCGTTCGCATAGCAAATTGATCCGCGCAAACCTGTAAATCGGCAAATTCTATTGAGCCAGGCAATTCCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 142 tcttagcggtcgttaattaaGATCAGCCAAGACCATTGGAAAACTAGAACTGTGTGGGGAATAAAAAGTGTGGAATCGCGTGCGTTGATGTCGACCCGACGTGGCAACGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 143 tcttagcggtcgttaattaaGCAGGCGTTCGACGTAAATACCCGAGACGGCCGCTGCACTGGATTCATCCGTTTCGGTGGAAAGCTTGTGCAACAAAATCGGCATTCGGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 144 tcttagcggtcgttaattaaCGGACGATTCCTCGCGTTGTGGCGATACGACGGCATACTCATATATTTCTCCGTTGGAAGTGCCCAGCAAAATGGGTTTGGAGGAACCTTAGAAGAGTTGGAAGGCTATG 
 
 ７８ 
120303_snu_130mer 145 tcttagcggtcgttaattaaCCCATGCCACGGCTGTCACATATGTATCCTGTGAGAGTCCTTTCTGGATCGACTGTTGTGACGTGTCGTCCCGTCGATGCGCAACCGCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 146 tcttagcggtcgttaattaaAGAACGAAACTGGATCAACAGGACTGCCGTCAACAGCCGGACCAAAGCCTAGCAACTTCCGAACGGCACGTTTGGGCGTGGCATTGGAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 147 tcttagcggtcgttaattaaCGTTGGCAGCACTCAAGAGGGTATGGGAAGCCGTAGGATCGACCAGGACATGGCGAATACGGCCATCTCCACGAGCGGGCGGAGGCAGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 148 tcttagcggtcgttaattaaGACCCCCACCGCGACGGACGTTCCACCGTGATACGAGACGCAGAATTGGCTGGGACGACGACTGTCCGGGGCACTCGAGTGCCGCAACGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 149 tcttagcggtcgttaattaaCCACACAATGGGGACGCGGCGGACGCAGAGGGAGGGACCCGGAAGAAGACGCGGTGTTGACGGTGCGGTCCTCTAGCGTGTCTGACCCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 150 tcttagcggtcgttaattaaATGTATTGAGTACGCGGCTCATAAAGCCACCTATACCGTAGTAGTTGGATTCGTCCGTTTCATCAGTGGACGTATCTGTGCTTCCGCTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 151 tcttagcggtcgttaattaaACGACTTAGTAGTAGTCCCGCTGCCAGTACCGGTAGGATTTTTTGCTCCATCCTTACTGGAATGCAAGCCCAGCTGTTGTCCGGCTTGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 152 tcttagcggtcgttaattaaTTTGGTAATTCGATAGCGACAGCGCGGCTGGAATAGGCCATTCCACGTGCCGTGCCGCCCAGATTGGGGGTTCGTCCGTCAAAGACGCCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 153 tcttagcggtcgttaattaaCTCGGCGAGCCCGTCGACTACGAGAAGGATGAGGATCCTCAAACGGGTTCGTTACGCCTCCCATCACAGAGCTCATGTTGAACAAGTCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 154 tcttagcggtcgttaattaaCACTTGAAATCGCGCCAAGCTTGAAATATAGAGCTTTATAGGGAACGCTACTGCGATTGCTTCGAGGACAAACTTTTACTTCCGTCTCACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 155 tcttagcggtcgttaattaaTACCGTAGTTGTCGTCAAGGCGATGCCATGTGCATCGACAAGATTTCAATCAAGAAAATAGCAGATGCCGTGCCGTGGTTGCTGTTTCTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 156 tcttagcggtcgttaattaaCCATTTGAGCCCTAAACAAATTTTAAGGGAAGGGTTTAGGCCGACCAGACCAGAAACGGACCCGGAAAGAGGACAGACGTCCCTATCCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 157 tcttagcggtcgttaattaaAAAGCGATTGTGAACCGATTCACATAATCGTCTCTTTCTCCTTGTCAAGAAGAAAGCTTGCTACCTAGCTAGGTCTAAAGGTCAGAAACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 158 tcttagcggtcgttaattaaGCCGCTAGTAGACGCCACGAACGTTCCAATTGGGTCGGACGCTCGCTTTGTTCACGGTCATAAATGAGTTCGTCGACAAGCGGGACGTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 159 tcttagcggtcgttaattaaAAACGCCGAATCAGCACTTGTCGGTTTGCCGACCGGGTGGCCGAGATGTCGGTGGATCGCTACCGTCAGCTTGTCCCCAGCGAATACCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 160 tcttagcggtcgttaattaaCTCGCCACGTTCGTGGCGCATGAAGCTGATTCCGATCGACTCTGGGTGATTGCACTCGGAGTGGGTACCAAATTTTTGACCGAAGCTGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 161 tcttagcggtcgttaattaaGACAACTCTGTATACGGAACGCGTGTTCGAGATTGCCACGCCGAAGCTCTCGCGCGTCGTGCTCTTTTGCGATATCTGGCACTGGAAATAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 162 tcttagcggtcgttaattaaTCCGACACGGAACCGTCGAATGCCGAACTACAGCCTCCCGTCCGCTTGTTGGAAAATTGCCGTGCTCTTGGTACCACCAATCCGCTATTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 163 tcttagcggtcgttaattaaACGTTGCACATGTACACATCATCTGCTCCCTGTGGCAACGCCGTTTTGAAAAAGTTTGCTACATTTCAGCGTGAAGTCTTTCGCGACTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 164 tcttagcggtcgttaattaaTCCGAACCGCATCCTCCAATGCCCGGCCACGCCATTCCATTCGGGCAGTTCGCTCTACTCGTCAAACACGACGCCACTGCTGCAATTGGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 165 tcttagcggtcgttaattaaGATCCGTCAACCTCCGCGTCGGTATTGGTGGAAAGCGGTACGGCACCACTAGATGGAAAGCTGGAGACGAATCGCTCGGCATCATCAGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 166 tcttagcggtcgttaattaaACCACGACCGATTGGTGTCCACCCGGAACCTCCACCGTTTGGAAACAGGCGGGTAGCATCCACACTTGCTCGGACAAGCTTCTGCGCTGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 167 tcttagcggtcgttaattaaGGCTCACTAATGTCTTCTTACCTGTCAGCCCCGGTGTTTGCAACGACCTTGACCGTCGGTCGCAAGTTAAGCAATGTCTGTTGTAGGCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 168 tcttagcggtcgttaattaaGTGACCAAGACATCGCAGCGAAAACCGTCAAACTCTCCCACTTTCCCGAAGATCCACCATCCGGCTATTCTGGGAACGGCCGTGTACTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 169 tcttagcggtcgttaattaaGACATGGCCTCATCTCGACAAGCGGAAGGCCAAGATGTCCGCTTTCATTCCACGCGCTGTTGGGTTTGGTGTGCTTCAGGAATGACCGCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 170 tcttagcggtcgttaattaaAGTACCGGTTTTCTGTGGCCAGAGGATACAACGGATTGCCAACAAAGGAACAAGGATGGACAACGAACGACTTCACTCGTATGCACTTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 171 tcttagcggtcgttaattaaGTACAATTACGTGGGCGCACCTCTTCAGACGCACTGGGGACCACAAAGGCGGTCCCTCAGTCACTCCCGGACCTCCTGGCGCTGAAGCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 172 tcttagcggtcgttaattaaGAACAAACGAAACAGAATTTACTTTCCAGGCATCCGCTCTTGCGGCAGTGGAAACAACGAGGGTCCCGATGCACAACATAATTCGCTAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 173 tcttagcggtcgttaattaaTTTGAAATCTTTGTACTATTCAACTCCCTCTACGCTTTGTTTTTCACGTCTTCATGGAACCCAACATATCACCCGACTGAACTTCGATGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 174 tcttagcggtcgttaattaaCCGAGGGAGGGGCACCTGGACCGGAGCTGAATAGACACTTACGATCCATGATCATTTCGAATTCGTCGTCGTCAATCTTGATATCTTCCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 175 tcttagcggtcgttaattaaTCAAGTCCTTGATATCGGACTCGAGCAAGGACGTGAGATGATCAAAATTAATGTCACCGCGCGAGCGACGCCCACCCTTGCGAAAGTCGCAGAAGAGTTGGAAGGCTATG 
 
 ７９ 
120303_snu_130mer 176 tcttagcggtcgttaattaaGTTCCAGTTTCTTTTTCGATATTTGTTTTTCCATCATTTCAATGTCGACCGAGTTGACGGTCAAGAGACGGTAAACGGCCACGGGCAAGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 177 tcttagcggtcgttaattaaCGCGGTCCATGGCTTGACTATCCGCGTGCGGGTTCCAGTCACTGTCAAAGATGATTACCGTATCGGCGCTGGTCAAGTTAATTCCCAAACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 178 tcttagcggtcgttaattaaGTAAAAAGACAAAGTGACGGTCGTCGGCCTTGCTACGACGGCCATTCTCACCGGCAGTCTTTTCCGCATTGAATTGATCCATCTGTCGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 179 tcttagcggtcgttaattaaTGGAACCGTCGATCCGGCAAAAATTCCAGTTTCGGAAGAGCAGATAGTCTTCCATCACGTTCAAGACGCTCGTCATTTGACTAAAGATGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 180 tcttagcggtcgttaattaaGATACAGACGACTCAACATGCGATCGAGCAGGGCGAACTTTCCGCTGGCGCGGACCAGCAATTGCGGATGGGCCGTGCCCAAATGGACGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 181 tcttagcggtcgttaattaaGTTCCCCGAACAAAAACGGGTGGTTGATGTTCTTACGATGATTCATGAGTTTATTGGTCTGACTCAGAGTCCGACCATTTTCAATGCCCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 182 tcttagcggtcgttaattaaGCAGCGTGCCCTTGTCAATCAAGTCGGCGTAGCCGGCTTGCAGTTTGGAAATCCCGCTGTATACAATGACTTCCTTTTTGGGCGGCATTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 183 tcttagcggtcgttaattaaTGATGCGGCGGAGCAAAAAGGGGCGGAGGATTTCGTGCAACTTGGTGACGGTCTGATTCTTGCGCTCCTCAATAATGATGGAGGTTTCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 184 tcttagcggtcgttaattaaTTTGTCCGATATCCTTGAAACCGAACCAGGACTGAAAGACGGAGAGATCGTCAAAGATTTGCGGATTCACAAAGTTGAGCAAACTCCAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 185 tcttagcggtcgttaattaaGAATGGGTGTCCCGGTCAACAAAAGGCGGTTGGCGGCTTTGAGACGTTTGAGCGAGGTAAGCAGTGTACAGCGGTGATTTTTCAAACGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 186 tcttagcggtcgttaattaaGATAGGTGAACTCGGTGAGTTTTTCTAGTTTGGCTTGATCGCGGATGGACACTTCGTAGGAGGTGACGATAAAGGGAAAGTTGGGACTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 187 tcttagcggtcgttaattaaGTGGTCCTTTGAGCATGGCTTCCCGTTCCGGTGCGGTGCCGTGGTATCGAACGACGGGATGTTGGGGCAACCACTTTTCGAATTCGCGCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 188 tcttagcggtcgttaattaaCCAAGGGTGCGACAACGAGGAAGGGTCCCGATACGCCCTGTAGGAGCAAATGCGCAATGAGTGCTACGCACTGAATGGTCTTGCCGAGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 189 tcttagcggtcgttaattaaTCCCGGAAACCCCGTTTTCGTAGAGTGAGGCCAACCAGCGGACTCCTTCCAACTGATAATCCTTGAGGATGCAACCGTCGGCCAGATTCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 190 tcttagcggtcgttaattaaGCTTACTGCCCTGGCGGAGTCGCGTGTCTTGGTCCTGCGCTGTTTCGAGCGCGTCGGTTGCGGTCTTGGTCTTTTTGGCGGTACCGCCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 191 tcttagcggtcgttaattaaTCTTGGTCTTCTGGTGGGCCTTCTGGAGCGCACGCTGTGCGTCTTCGGCCATGGCTGCCTGCAGCTCATCCAAATCATTGGCGATGAACTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 192 tcttagcggtcgttaattaaTGGACAGCAGGAAATCCAATTGGTTTTCCTGATTGTGATATTATTGTGATGAATAGATGGGTGGGTGAGGGTCGAGTACGTCCAACGACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 193 tcttagcggtcgttaattaaCATACACACACACATATCACTCTACACACACACGCATATATACAAACATCTATACACACACAAACATTACAAACGTACCCTCGCGTGATAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 194 tcttagcggtcgttaattaaCGCCTCCGCCGCGACGGCCGCATCCGATTCCGACGACACAGTGGTTGCTTGACGGAATCTTCTTCGGAATCACTGGCTTGGACTTGTCCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 195 tcttagcggtcgttaattaaAAGAGCTGGGGCGCGGCGGTGATTTCCCGGGGTTGATCGTGCGGGTGCAAGCGTTCCTGGTGCGTTTGTTCTGCCTGCGCGTGTTCCAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 196 tcttagcggtcgttaattaaTCCTCGTCGGCGTCTTCCGGCACCGAGTCCGGATCGTCGGGGTCCGGCGTCGACGTCGGTTCCGACGCCGCGGAATGGAACGGCGATTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 197 tcttagcggtcgttaattaaTCCGATACCAGACTCATGGCGCAATTGATCACGGAACAAAGAGACAGAGCGAACGAGGTGGCAGTAGCGTAAGAGCTTGATGGGTTGGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 198 tcttagcggtcgttaattaaCTCGGTAGGATGACGGGTACGTAGGTAGGTAGGTAGGTAGGTAGACTGACTCTAGAAGAAAGAGAAGAGACGGTACGGAAACAGCCGGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 199 tcttagcggtcgttaattaaGGTGTACGCGTGGTGGAATGGAATGGATTGCCAGGGAAAAAACTCCCCACAAACCCCCCCCACTTTACTCCCGTCCGCCGTGGAACACGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 200 tcttagcggtcgttaattaaTCGGAGTCGGCCAAAGGTTCCCGCCAAACTCCTGCTCCGCCGACCCCGCCAATGCGATCCGTCTATCGTCAGGTATAGAGGTAGCAGTGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 201 tcttagcggtcgttaattaaGTGTTCCGTACGAGAAAACGTCCGGGTCCGTGTCACGGACAGTTCCGTCCCGTCGACCATGGCCCCGGAAGCATTGCGACAGGTACACACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 202 tcttagcggtcgttaattaaATCCACGGCAACCCATTCATTCATTCTCCCTGTACCGACATACCAAAAAACAACACTTCGTCTCGTCGGTGTGCGGTGAGACTTTACTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 203 tcttagcggtcgttaattaaATCGACCATCGACCCTTCGTTTCACACACACTCACACACACTTGTTCCATGACGATTGACGCTCCACGCTCCCGTCCACGTCGGCCGTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 204 tcttagcggtcgttaattaaGGTGTGACCATCCTTTCCTACTCCGGGATGTTCGTGCGAGCGCAACAACAATCACCGCAACAATCGCTGTCCGGCGACGTCCTCCGGGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 205 tcttagcggtcgttaattaaCGCGGTCGGGATCATTTCCGGGACGGCCGCTACGACGACGCCGCCACTGATTTGTGGAAGGCCGTACTCTTGCACACGCAGACACCACCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 206 tcttagcggtcgttaattaaCAGGACGTCTTTCGGTTGTTCCTGCAGTGCTACGTGGTGCGGGACCGGGCCGCCGACGGATTGGCTTTCGTGGCGGGAGAATCCTTCCGCAGAAGAGTTGGAAGGCTATG 
 
 ８０ 
120303_snu_130mer 207 tcttagcggtcgttaattaaGGACGACTCTACCTGCAACAGGCACTCGGCATGGACCCACGCAACGATGCGGCGTTGCTCGTCCAAGCCGAATTCGGCGACGCCGTGGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 208 tcttagcggtcgttaattaaACAACGGCACCCACGTCGCACGACAACCCCTTTCCGGGACAAACGCCGGAACAACTCTACGAAGTCGCCAGTCGCCAATTTTCCGACAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 209 tcttagcggtcgttaattaaGACGTATTCGAACTGTCCTGCCAGCAATCGGGACGGAAAATCGGACCCTCCTGTGCCAACGCCGTATACTGTCGAAACATGTTGACGGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 210 tcttagcggtcgttaattaaCAGTTTGACCGGGACATGCAGACCATTGCGACGCTCGTCCGAACCGAAACGGCGCAGTACCGATTCCGACACGAAACCGACGCGAACCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 211 tcttagcggtcgttaattaaACGTCGCCCCATCCCCACATGATGCTCGGTTACCCGGTAGATCCCTTGCTCAAGCGCTACGTCGCCGAGTCCGCGGCCTACTTGGACGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 212 tcttagcggtcgttaattaaCACACCGCACCCACCGAGACCGCGTTGCCCTCTCTCCCGCCGGGACTACCCTACCACGTCCACGACGATCGCCAACGGTTTGCTGACGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 213 tcttagcggtcgttaattaaGCCAAAATACGTGTCGGCTTTGTCGGATCCGGCTTCAACTCGAAAGCCGTCCTCTATCTGTCCCAAGATATGTTTCGATTCTTCGGTCGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 214 tcttagcggtcgttaattaaTTTTCCTTTGGTCCACGGGACCATCCCATGTTCATTGAGCGCGGCATGCGTGGCGTCGATTGGCGAGAGCGTGTCAAGTCCAACGTTCACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 215 tcttagcggtcgttaattaaGCCATGAAGCTGGATCACATCAAAGCCGCACGCTTCATTCACGACCAGAATATACACATACTCATCGAATGGGACGGATACGCACGTCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 216 tcttagcggtcgttaattaaCTCTTTGCTCTACGACCAGCCCCGATTCAGATCCTCCATCAAGAATACCTGGGCACCAGTGGGGCGCTCTACGTGGACTACCTCTTTACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 217 tcttagcggtcgttaattaaCCATCCCTACAGCACCTGTACACGGAAAAACTCATCTATTTGCCGAACCATTTCTTCAGCAAAGGCCACGCCTACCAAAAGGAAGTCCGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 218 tcttagcggtcgttaattaaCAACCCGTGACTCGTCCCCATCAGTTGGGGACGGGCTCTCCCCAAGAAAATCGCTGTCTCGCTCCGCCCGACGTGGGACCCACCGACGTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 219 tcttagcggtcgttaattaaTTCAACAAATTTCTCAAAAACAACCCCGAAACGGTCCGCGGCTGGATACAAATTCTACGGCAGGTCCCCGATTCGATCCTGTGCCTTCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 220 tcttagcggtcgttaattaaATCCCCTACCTCCACAAATTCATTCACGAAGCCGCCGGCACTTCCGACGGAAATTCCCCGGATTCCTTCCAACCGGGCGACGGGGACGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 221 tcttagcggtcgttaattaaTTTCTCCCCTGGGAGCCCAATCCCTTCGATCACCAGCAGCGGAATCGCGATTTCTGCAACGCCATGTTGGATTCACACCCCTACAACGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 222 tcttagcggtcgttaattaaGCCCTGTACGCGGGTGTCCCGATCGTAACCCGCAGCGACGGCGACGACATGAGTGCGCGGGTCACGACGTCCGCCAATCTGGTCCTGGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 223 tcttagcggtcgttaattaaGTACACGGTCCGGCGCAGTACGTGGCGATTGCCGTGGCGTTGGGGACCAACGCCACGCTGTTTCGGGAAACCCGGGAGCGGTTGATCGGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 224 tcttagcggtcgttaattaaCCCATGCACCCGTACTGGGATGTGGCTCGGTACGTACTGAACTTTGAAAGCGGGTTGCGCGTGGTTTGGGAACGTTTTCTTCGAGGCCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 225 tcttagcggtcgttaattaaGTGGAGGAAACGGCGGACGCCGCGCGGGGTACGTACGACGACAAGATTCGGGCGCATCCACCGCAAGGCAACCGGGCACGCCGTGAGCGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 226 tcttagcggtcgttaattaaTAGTTGACGCGACAATGATCCGCACCCATCGTTACGACGACAACAACAACAACCGTGTTGTTACGTTACCAACCACGTTTTGGTTTTGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 227 tcttagcggtcgttaattaaAAGTGGTGGCACAAAAACAAGGGTTTTACCGACCCTGGTGCTTCGGCCGAGGCACCCAATAGAAAGGTTTTTATTTTATAAACGACGCCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 228 tcttagcggtcgttaattaaAACTAGATATGGTTGGTAGTTGTTATTTTCGAATGAATTGTTGAGCTGCCTCGGAAACGAGGCCATGCAAACAGTAAAACGACAAGAAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 229 tcttagcggtcgttaattaaTGCCAACAAGAAAAACAAGACGACGTGAGAGCGTCCATTTCTTGGTAAATCTCTACAAAGGCCCACGGTGTAGGAAGGGTCTTTCTCGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 230 tcttagcggtcgttaattaaGCTCCTCAACGATTGTTGGAAAGTGTCGGCCACCACCACGCACCGATTTAACATATGTATTGCATCGACATCACGGGAGCACACGCGCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 231 tcttagcggtcgttaattaaAAGCGTCGCGTGGTTTACAGTTACTTACACAATGATAGTGCGCGTGTGGAATAACAGGAAGGATGGTGATGTTGGGTGGGGAGACGAAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 232 tcttagcggtcgttaattaaTGGTGGGTTTACTGGACTGGATCCCGTTTTACGAAGTTTCCGGAGTCACTCGCGGGGTGGGGCAATCACGTGAAATGTGTCCGTCCCCTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 233 tcttagcggtcgttaattaaTGTTCCCGGCGGGCTTGGTGCACTCCGCCGAGATGTGTCCCATTTTACCGCAGTTGAAGCAACGGCGGTACTGCGATCGCGACTTGTTGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 234 tcttagcggtcgttaattaaCTTCCAAACGGGGGTTGGGACACTCACGCGAAATGTGTCCAGCCTTGCCACAGTTGTAACAGGTCTTGTCGCCGGGTGCGGTTCCTCCCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 235 tcttagcggtcgttaattaaATCCCCGGCCTCCCGTGGGGGCCGCGCCTGGCGGCGGCGAAGTCTTGGCGTCCGGATCGACAACGGCGGCTTCCGACATGAGTGCGATGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 236 tcttagcggtcgttaattaaGATGACAATGTCTGGCCTGCGGCAAAAGATGAGAACACGAATTGGGTGTAAGAGAACGGGAGTATGGAAAGGAACCCTCCACGCGATCGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 237 tcttagcggtcgttaattaaGTCGCAGGTTCTCGCGCAGCGGTCTACATGACGTCGGTTGTCCAAAACCACAGGAAATGCGAGAACCCTGTGTCAACCATGGTGAAAGCGAGAAGAGTTGGAAGGCTATG 
 
 ８１ 
120303_snu_130mer 238 tcttagcggtcgttaattaaGATAATTCATACCGTGCGGGGCCCGGTGTGTTCGTTCCATCCGCTGCCGAGAACATCTTGATCAAGGGAAATACCATAGATCCCGTTACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 239 tcttagcggtcgttaattaaCACACATGTGGTTCCTCTCCTAAGGATCGCACTCTACGCACCTCTCAAACAAATGAACGGTGCCAGGGGTTCGGGGAGGATCGGGTTGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 240 tcttagcggtcgttaattaaGAGACACACAAAACGATGGGTGGGTGTGGTGGGCACGACGGCAGCTGCGGGTCCGACAGACACGGTCTTTTTACGTAGAATACCTACGGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 241 tcttagcggtcgttaattaaTGAGTCTCACTCGCTGTTTTGGGGGAATTCGCTCGTTCCGGCTGGATGGGGATATAAGTGTCAGCACTGTTTGGCTGGTGGCTAGCTGGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 242 tcttagcggtcgttaattaaCTGGATTTTGATACGGCGATGCCGACTCGCTGGACTATAACGGAATATTCTGATTTCCACGGAAAGGTGCAACGACTGTGCCGGAAAGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 243 tcttagcggtcgttaattaaGAGAGACCGATGAGCAAACACCCAAGTGTAGCTCATGACCTATTCCCCGGAACACCAACGACGCCTTTCCGCATCGCGGAGCTCACAATAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 244 tcttagcggtcgttaattaaGTTGGCACCGAAATCCTTCGCACTGCCCCGACGCTTCTTTGATTGGAGTTTCCTTCCCACCTCGTACACACACACACACACACATGCCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 245 tcttagcggtcgttaattaaTCTTTGCGGCGGACGGGGCGGACGGCGGGGTGCCTCCGTGTGCCTTTTTCGCGTCGCCGGCGGGTTGTCGCAACGGAGCATCGTGCAAGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 246 tcttagcggtcgttaattaaCGGAAGCCGCGGTCGAAACGGGTTCCGTCGTCAGTTCCGAAAGTGACGACGAACCAATGCCCTCGCCCTCGGTACCGATCCCCACCACCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 247 tcttagcggtcgttaattaaCCAAAACCAAAGCCAAAACAACCCAGCAAGCGTCGCCCCAACCACAAACCAAACAGGCCAAAAAGGTCCAGATCCAGATGGATACCGCCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 248 tcttagcggtcgttaattaaTCCGGCAAAGTCCGCCCAAACCCAAAAAAAATCGTCGCTCCCAGAAAGAAGAGGACCTCGGTCCGTTCGCCAATCCCAAGAAAAAGGTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 249 tcttagcggtcgttaattaaGAGGCCACAAAACCGCTGCCCAAGAACCGACGCCCCCACCCACCACCAATTCCCCAAAGCCGAAGCAGCAGCCCGCCAAAACGGCGGTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 250 tcttagcggtcgttaattaaCTTTGAACTTGCCCGTCGCCTCCTTTACCATGCCTGGAACCGCACCGGCTCCAACCGCACCCCCTCAACCCCCCGCTCCCGTCGCCGATGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 251 tcttagcggtcgttaattaaAGATTCTCCCGACGCACACCACTACGGGCGCCAAATGGATGAAGGCCATTCAACAGGCCCGCCAGCATCACAAGTACGCGACCGCGTACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 252 tcttagcggtcgttaattaaCTTTGGATGCCGAGATTGGATTGGATCCCAGCAGCACTTGGATTCAAGCGAAACCGTACGGCGAGTGGTGCAAAGGATTTCCCCAAGCTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 253 tcttagcggtcgttaattaaTGTGCGAAACGGAAGACCCGGTTTCCGGCAAACATAACGCCAAGGATTTATGTCGTGTCTCCATCGTCAATGCAGAAAACGACGAAGTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 254 tcttagcggtcgttaattaaAGCCATCCTGGCCGGTGGTTGACTACCGCTCCCGTATTAACGGCATTACTGAAGAGCACTTGAAAGGCGTGCAATTTACTCTGCGTCACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 255 tcttagcggtcgttaattaaCTCTTTGTAGTCAGGAAACGGTCATTCTTGGACACGCCCTGCACAACGATCTAGCCGCGATGCGCATGGAGCACTATTGCAACGCTGATTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 256 tcttagcggtcgttaattaaCATCCGACAGCGAACGATCCAGCGTCAGCCTGAAAGACTTGGCTTCCAACGTTCTGAAAAAGACCATGCCCGACAAGCACGACTCGGTGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 257 tcttagcggtcgttaattaaGGAAAGTCTTGGAACACTGGGTCGAAAAGGACGGCCAAGTCGAACCCATTGTCCGCTCTATGTCCGTGAAGCAGACCTTTGCCTCCCAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 258 tcttagcggtcgttaattaaCGAAAAATATGTGCGAAGAGTCCCACTTGTCGCGTATGTTCTTGGCTCATACGAGTATTGCGCCGACGGAAGTGGAAGAGATTGAGTTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 259 tcttagcggtcgttaattaaCCCACGTCGTTTTCAAGTCCCCGCAACACGCCAACTTGGCGTTCGATACGCTCGATAGCAAAACCGATACAGATCCGTCGGGACGCCTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 260 tcttagcggtcgttaattaaGAAATGGCGGCTACATTCGCGTCCGCAAAATGGCCTTTGAGAAACCCCGAGACAAGAGTCCGCCCCGTCGTGCTTTGACGACGTCGGACTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 261 tcttagcggtcgttaattaaTAAAATATTAACCCCCCCCCCCCTTTCATTTTTTCCCACCCACTAATTCCAATACATTCTAGAATGACTGCTGAAAGAGACTGGCAATTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 262 tcttagcggtcgttaattaaTTGAAGCTTTTAATGTTAGGAGAGGCTGCGGCGGGGTCTTTACGGTTATGATGAAGGCTCTGACTTATAAATCCGCCGGCTTTTTGTCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 263 tcttagcggtcgttaattaaTCGCCGTATTTGCTTTTCATTTGCCTGTACGGTTTCACGACCTTGGCAAATATTGCCACAACCGCTTAAATTTTAGAATACGAAGCGGGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 264 tcttagcggtcgttaattaaAGAACGATACTCATGTCAAGGCATTGTTCAAATCTGTAGAATTGGGATATCGTCCAGTTCCCGGCGACTACACAGATATTCCCCCAAAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 265 tcttagcggtcgttaattaaGAGCACATGCATGACCCACCAATCCAAGATTGTAGGGAAGCCATCGTACAATGAGCAGAGTAGCAAATGAAGAAGAAAAAGTGTCACTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 266 tcttagcggtcgttaattaaACTCTTTTCCACAATAACCGCCAGCAGGACGGATCTACACGAAAACGAGAAAAACGAACTATCGCTGTCAGACAACTGAAAAACCGCGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 267 tcttagcggtcgttaattaaTGACGTACCCTACCAGAGACGCCAAAAATAATGCAATGGCATCGGCCCATCCCGATCGCTCCGACTGCCACAACCGCAAGTAGCGGTCGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 268 tcttagcggtcgttaattaaTAACCGTAGTGCCATAAAGAACGTGGTTGACTTGAAAGAAAAACGCTAGCAGAAAGTAGTGAAAGCATTGGAGCGAAACGATCTGGGCAAAGAAGAGTTGGAAGGCTATG 
 
 ８２ 
120303_snu_130mer 269 tcttagcggtcgttaattaaAAGGCTGAGCGGGGGGATTGTTGGGTCGATTGCGATTGCCCCCCGTTCGCGTGCGGAGTCCGTTATTGACGCTGCTGCTATTGCTTCGGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 270 tcttagcggtcgttaattaaAAATAGTGCAACCCAGCAGAAGAAGAGTGGTTCGGCAGTGCTAGACTCTTGTTGGTTGAGTTGTTTGGAGTGTCGTGTCGTCACAAGGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 271 tcttagcggtcgttaattaaCCACTCGCCCCGATACGCAACGGTAGCTTTTCGAGCTAATGGTCTGGACTCCCCACCCTTCCCAACCTCGACGTCTCAGTGTTTTTCACTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 272 tcttagcggtcgttaattaaAACATCCTCGAGCTCGACCTGCCTCGATAGGACTTCTGCACGACTCAACCTTGTGTACAGATGCAGAGGAAAGTTGTTTTGTTTACTCGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 273 tcttagcggtcgttaattaaGCCTCCGATGTTTCTACTTTGCAGGTGATATCGTCAGGAGCTGACTTCACATTTCTCGTTGTTGACAGTGAGAGAGCTTGGAATTTTAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 274 tcttagcggtcgttaattaaGACAAACAAATGTGAATGACCTTGAAAATGAATCTGATAAATTTCGTCTCAACTTTGGACGTGGCCATCCAAACGAACTACGAACCAAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 275 tcttagcggtcgttaattaaATGGTGAAAAGGACAATGAAGACGAAAACCCTACCGTAATGATGGTAGCTCTAGAAAAGGAAACCGACAAAGCTACAGCATCGAAAAAACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 276 tcttagcggtcgttaattaaGGCTCCGCGATTTGCAGACACCAGCAATTTGTACAGGTCTCGATTTACAAAGCATTATTGTTTCGAGACATGCTAGCAGCGATGCAGAACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 277 tcttagcggtcgttaattaaTCGACAACGCTACTAAGAAATTTGTTGAAGTACAGCCTCATGCAAAAGAGAACATAGTGGAACGGTTTGGCTCTCGGGTTGTACAAATGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 278 tcttagcggtcgttaattaaGTTGCCGCAATGCCTGCAATACGGACACGCCATTGCTGGCACTGACGGGGCGCTTCTACAATTGGAGCGACGACGGTCTCTTTTCCCTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 279 tcttagcggtcgttaattaaATATTCGGCAGGAATCATCCCGGCAATGCGACGGGACTGGCGTTACCGTGTGGGACGGAGCGCTTCTCTTGGCTCGTTATTTGGAACAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 280 tcttagcggtcgttaattaaATAAACATGTTGTCGAATTGGGAGCAGGATGCGGTTTAGTGGGGTTGTCAGCGGGCGCGTTGGGGGCGGCATCAATAATGCTGACGGATCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 281 tcttagcggtcgttaattaaTCCTCGAGTCGAATCTCGAAAACAATCGATCGGTGCTACAGGGAGCTGGTTGCCATGATGCCATGTGCTGCCTTCTGGACTGGTTTCACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 282 tcttagcggtcgttaattaaCGCAACAGAAGAAATCTATCGATGTTTTGGTCGTCGCAGATTGCGTGTGGATGCACGATCTGGTGGAACCATTGTTTACTACCATACAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 283 tcttagcggtcgttaattaaCTCTCATTCTAATATCGTATCAGCAACGAGGAAGGAGTACTCACGAAGCCTTTATGTATTACCTAAGCAAAGCTTTTCATGTTGAAGAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 284 tcttagcggtcgttaattaaGCGTGGAGAAGCCTGGCGTGCTGCATCTCTACCGCTGTCGGAAACGACGCAATTTTTAAGAAGTGTACACAGCCACAAAATTAGGAGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 285 tcttagcggtcgttaattaaAAAAAGAAGACTACCAGCAACATTGTTACTAATAGGCACCATCCAATCCCGCTAAACTTGCAATTAATAGCTTGTATCCATCGTCCAGGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 286 tcttagcggtcgttaattaaTGGCTGCACAGATTTTTGGAAAGTCACTCTGAAAGTCAAAAGAAGACTTCAAATAGATCAAAAGGTTAAAGTCGGCCAATCGATCGACCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 287 tcttagcggtcgttaattaaCAGCTTGCCTGAGTTGACGTGTCAAGGCATCTTTGTTCGGTGCAGTATCATCCAAATCACGATTTGCCCGCGGAAAATCAGCCACGAAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 288 tcttagcggtcgttaattaaCAATGGGTACCACCGTCAAAAAGAAAGCTGTTTCGACCGTCGGACTTGCCTTTCCTTCCTGAATAGCGGTAAAGGTTTCGTTTACTTTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 289 tcttagcggtcgttaattaaGATCGACTTGCAGGGCTTCTTCGGCTACCATCGCCATACACTGCTGGGATACCTGAAAGGCCTCTACCGCAACTTGGCCGTCTAATTTGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 290 tcttagcggtcgttaattaaAGAAGGGTGTCTCTTCCACGCCTCCAGCGGCCTCCAACTGAAATTCAGCCGCTAGGATTGTTTCGGCCGCACTCAAAACGTATCCTTGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 291 tcttagcggtcgttaattaaCCCAACCCACGCGCTGCAAACCGAGCCATTCGGCCAACTGGTTGACTTCCTCTTCCTGAGGATCGTCCTCCAGCGTAAATCCCTCCGCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 292 tcttagcggtcgttaattaaGGGGCGGCTCGTATATTGCTTCGACCAGTACTTTGGTCGGCTTTTCGTCCGACTCATCCTCCTTGACAAATTTTCCGTATAGAAATCCGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 293 tcttagcggtcgttaattaaGAAAGCGTTGCAGGTAGGTCTGGAAATTACTGATCGACGGGACATCCAGTGACACTTTGGATGTCGTTGCCTTTTCCTGCCTCTGGATCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 294 tcttagcggtcgttaattaaCGAGCGCAATGAAATCGTTAAGCGTCCAGGACATTTTCATATCCCGTAAAGGCAACATGCCCTTGCGAAATCCTCGGTCTTGCTGCGTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 295 tcttagcggtcgttaattaaCAAGCTTAATTCCTCCGTCTTTGTCGATAACGCGACGGAAATGTTGACCCTGTTCTTTCGGTTCCACTGTAGCATTCCCTGTCATTGTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 296 tcttagcggtcgttaattaaCGGGCGCGGTCCAATCCGCACACGTCGTAGGATCGACCCTACAATGAATCATGGCGCCATTTTGGTCGAGCCCTTGTGCACGTAACGTCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 297 tcttagcggtcgttaattaaCGTGGCAGGCTGGATCGCGTGCCAAGGGGCGTTCGTACACGACGTGGGGGCGCGATCGGGCAATGCCAGCCAAGACGTCCGTGACGGTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 298 tcttagcggtcgttaattaaCGTCTACGCGCCATACGCCCACGTTGGAACGGACCCGAATCAGCATAGTGTACGACGGATCAAAAAGCTAGAGATACGAAAGGTATAAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 299 tcttagcggtcgttaattaaGGTAAGATGTGTTCGTTTGGGAATGCGATCACGAATCGAACCTGCGATACCTTACAGTTGATGTAAGCTCCTCTGGAGTAATTTACAGTTAGAAGAGTTGGAAGGCTATG 
 
 ８３ 
120303_snu_130mer 300 tcttagcggtcgttaattaaTTCGAGATCGTTGCGTGTGACATCCGAGTCCCATCATTCCTCCGTCGATTCCCTTCCTTGTCCATCCTCACGAAAGCCAACGAACCAGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 301 tcttagcggtcgttaattaaTAAGAGTATGGAACGTCTGCCAAACTCTCTAGAACGTTGCGTTGCGAATGTACAGAATATACGTGAATTCAGGAGTGACTCGTATTTGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 302 tcttagcggtcgttaattaaCCGTAGGAAGGCTTAGTTTTGAGCAGGTTGACATAGAGAACCCGGATTAATTCAGTCACAGTCACGTCAAATAGCCTCCGAGACCAATTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 303 tcttagcggtcgttaattaaGGGGCCGGAATCGGTGGTATGGTAGGTGGTCTCTCATGGTAATATATGAGAAAAACCCAAGCGTTCCAGAATGTCCACAAGATTGATCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 304 tcttagcggtcgttaattaaCGTGCAAGGTTTCCGGGTATTGATACTTTCTCTTGACGAGATTCTACATTACACCGCCACTGACTCACAGTGAAAACTGTGGCGAACCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 305 tcttagcggtcgttaattaaAGCTTCTTGTCCTTTCTATTTCTCCCTTACAGACAAAAAAGTAAGCTGACCATGCGACTGTCATCCTTGGTGTTTCTTGGCTTTGCGACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 306 tcttagcggtcgttaattaaGCGCCTGTGCATTTGTCTCGCCGTTCTGTCGTCTCGGTATACCCCTTGGCGGGCGGGCGGGGAGGTTTGGCCGCCAGTCCGGAGCTCGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 307 tcttagcggtcgttaattaaCCCGACGCCACGGCGGAAGATTTGGTGTCCACAAAAGGATCCGCCGTCGCGATGCGCGCCGCCAGTCTGACGAATGTCCATGGCGACGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 308 tcttagcggtcgttaattaaCTGGGTTCGAACGACGCCGCCGCCGCCGCGACATTGGCATGGTGGTCTTTCTGCGTCACCTGGCCTGAGCCTTTTGCTGGAGCTACGCCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 309 tcttagcggtcgttaattaaAGCAACAGGAGGATATGAAAGCGGCCGGAATTACGCAAGGCCCGGTTTTCGTGTCGGTAGGAACGGCTGCTCAGCTGGAAACCTTTCTCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 310 tcttagcggtcgttaattaaCCAAGGAAAGCGTGCTCGTGGATAATTTGGATCGGAAAGTATATCAGTCTGTGGGGCTCAAATTATTTACCGAGACGGATCCTAACGACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 311 tcttagcggtcgttaattaaATATCTCCGCTCCCAAAGAAATGAAAATGGGTGATTGGTGGAAATACTTGACGAATGCGGCGAAACTTTCTCCCATTGCCGAAGACCAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 312 tcttagcggtcgttaattaaCCGGAGTATTACAGCTGGGAGGGACCTTTTTGCTACAAGGTGACGATGTGATCTACCAATGGAACGATCGCGTTCCTGGAGATGTACCGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 313 tcttagcggtcgttaattaaCCAAAGCCAAGGTAGCTTCGGCCGCGATGGCCAGTACCTAGCGTCCAAACGATCACGAAACAACTCTTTCTAGGAGGCGTAACAAAGTTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 314 tcttagcggtcgttaattaaCAAAGGAAGACCGACTGTATATGACGTTGCTGGTGCATGCTTCTTGAATGTGAACAATCGTACCGTCGACTGAACGACAGGACCTTTCCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 315 tcttagcggtcgttaattaaGCTAGCTGATTTCGTAAGAGACCTGACTGGTTTTTTTTTCTTTCAGAATCCGTTGTATATGAATAGGTATGCTTCCAGATAACTTGTAGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 316 tcttagcggtcgttaattaaTGTAGAGTGGCCCGAGAAAGAAAAGATCTCCGCACTACTGATAGTGGATGCGAAGAACGTACTTTCACTTATTTGGTTAGGGCCTTGACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 317 tcttagcggtcgttaattaaATGACGTGGAATCCACGGCCCAGTAACTGTAAACGCATTCCTGACACGATAGTTTTGAGAAATAGAAACAGACCAAGGATTACGTAGGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 318 tcttagcggtcgttaattaaGTTAACACAAACTATAGAATGAAGGAACACCTTTTGTCACGTACCCATTTGCTGCTGACCTAGATTCCATAATGGGAAATTCTCGCATATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 319 tcttagcggtcgttaattaaATATCTTTCTGGTAAAATCCAAGGTGGTCTACTGTATCCATGGCTGCCCGCCATTAGCTGCTTTGTCGCGTGACAGCGGGCGCCGGGTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 320 tcttagcggtcgttaattaaCATTTTCTTCTGGATCCCCTTGACGCAAAACACGGTTTTGGACATAAGGCAATGCTTGACTTTTCGGCCAACATCCGCAAAGAGTGCTTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 321 tcttagcggtcgttaattaaAATAATCATGGCAACACAAGTGCTAAATGCACAGTCAGAAAAGAGCGCAATAGCGTGCCTACGTATACAAGACGAGCACACATAAAACGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 322 tcttagcggtcgttaattaaAAAAATGCAGAAAACTATATTCATTCGAAAGAAAGCGACCTTTGACGCTGACTTTCTGCTTTCCTCTATGAATGGTATGGAGCGACAAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 323 tcttagcggtcgttaattaaATGGAAACGCTCCTGTCAGAGCGTCTCCATGGGCACAGTAGAGATATTGGAGTTCTTCGATTCAAACTTCAAATCGGCAAAAAGCGAAGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 324 tcttagcggtcgttaattaaGTAAACGGTGCTCGTATCCGCCCGTTCCCCTACCGCGGCCAGCAAAAACGGAACCAACTTGGAGGTAGGATCAGGAATAGCGAGTGCTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 325 tcttagcggtcgttaattaaCTGCTGAAGACCATCGGACCATCGTTTGTGAGATTCTAATGCCAGGTGCAGTGGGAGTCGTCCCATGGGATCGGGTACGCAGGCGGACGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 326 tcttagcggtcgttaattaaGGCGTGCAAGAGAATTTGAATGACGGAAGGTTCACAAGACGATATCTGTTCGGGCGCGTCGTCCGCTACAAATTGGTCCTGTGTATCGTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 327 tcttagcggtcgttaattaaTTCCAACATATAACCATCATCCGAAAGATCACGAACCTTAAAAATGGGAGTTTCGCAGGCAATCATGAGCGGCGTGAGACCGTTTTCGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 328 tcttagcggtcgttaattaaGGAGTAAACTAGAGCGGCAATTTTGACGACCGGGCGTGGACAATCCACCGCTGCTGCCGCGTGGACCGTCCGAAAAACGTTCAGAGTACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 329 tcttagcggtcgttaattaaGTGATGCGCCACGTGCAGGAGCAACTCCGTCTTGTTCCATGCTTCCCCCAGTTCCCCAGTCAAATCTCCGTGACTTTTGACTCCCTCAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 330 tcttagcggtcgttaattaaAACAAAGTAGCGAACCCATAGTCGTAATAGTGGCGTCAGGCCTTCCTTATCCCGTTCGTGTACAGCGGATGGATTGGCCCGCAGCAGAACAGAAGAGTTGGAAGGCTATG 
 
 ８４ 
120303_snu_130mer 331 tcttagcggtcgttaattaaGGCGCCACAGCGGCACGCCGCATGCAAAGCCGTATCTCCGTCAATATCTCGCATCGAGGTTTGTTCCGCCTTACCGTATTCGAGCAAGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 332 tcttagcggtcgttaattaaAGCGTGATGGGATGAACAAGTAATGTGCAAAGGGTTCATGTTCGACGTACCCACGACAGTGGAAGCCTCGGGGTAAGCCTTGAGCAAAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 333 tcttagcggtcgttaattaaAGCATCGTGATCGCAGGCAACATGCAGTGGGGTTCGTCCCTGCACACCGGCGGTTTGCGCTTCGGATGGGAGGGCGGTCACGCGTGCGAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 334 tcttagcggtcgttaattaaGGCTTGCACGAGAGAAAGCAAGAGCGTGGGTTCATCGTTCTCGCCTTCGTCGAATTCGGGGCCGCTCAAATACGATTCCCCGTCACTTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 335 tcttagcggtcgttaattaaCTGCGTAGGATAGAGATACGGGGGATGAGATGAATACGATCCTCCGGATTGTTGCATCATGGTGAAAGCTATTCTATTTAGAACACCCTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 336 tcttagcggtcgttaattaaGTGTGTCTATTTGTGTGCGTTCTATTGGTTGTTGTCACGCTCACAGTCAAGAATCTGAAAAGGCGGCCATCACTCGCAACACTGTAGAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 337 tcttagcggtcgttaattaaAATACCGATGCTGATCTTTGGTGGATGCTAGCTAGCTCGCTAGATTTGGATCGCCAGCTGGCTCGTGCAAAAATTGCGAGCGACGAAAGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 338 tcttagcggtcgttaattaaTCCGAACAGTATCGCCCTCTCTCAACTTCAACCACGTCGCCGCGACACGACAGTCGTCAGCCACATGACGTGGGTATTTCGTCCGCGTAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 339 tcttagcggtcgttaattaaGTCAGCTCCCCGGTTGTTGACGTCATCGATGGTTCCCGATCGGTCACGGAATTTTATACATAACGTTTCATCAAATTGCGGTCGCGAGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 340 tcttagcggtcgttaattaaATACCACGTCAACCAAAATATTAATTGTATCGTGTATATCAATCCAATTGACGTGGTCCAGAATAAGATGAATCGAAACGGTATTGGTTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 341 tcttagcggtcgttaattaaGATAGGGTCATAATTTTTACTGTCTGTAAGAATCGAGACGATACCTGGAGATCTGGTTGACCGCAAGACGCAGCGCGTCTGTCTTCCTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 342 tcttagcggtcgttaattaaCGAAAAGCAACAAATTCGAAAAACATGCAAGGAAAAAGACAAACCCAACAATTCCCGGTTTCCAATTTCGATTGCTTCCTCGGATAAGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 343 tcttagcggtcgttaattaaACGTTGCAACGAGCGCCGGGTGCCGTAGAGCGCGAGTGCTCCGGAGATCTCCGTCGCCAATCGCGCAATCTCAATCCACAGTATCATGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 344 tcttagcggtcgttaattaaTACACCCGCGCCGTCACGGCAGCCAAGATGGATCGCATGTTTGCCAAGCCACTCGTGGGCAATTTGGGACACGGGCACCGGGATGCGGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 345 tcttagcggtcgttaattaaCGACGGGCCTTGCTACCATTAGCGTCCGGGGCGGCTGATGGCGTGGTGCAGTTGTGGGATCTGCAGTCGCGGACTTCGGTAGCTACCATCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 346 tcttagcggtcgttaattaaGTCACAGGAATGTCGTTTGATGTTTCCGGACAAGCCTTTTACAGTTGCAGTGACGACGGAAAAGTACACCGATGGTCCATTCATCCGCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 347 tcttagcggtcgttaattaaGAGGACGACAATAATGCGGTCACGGAACCCACCTACGGTCCACTCGCGACTTGGCGCTGCAATGGAGTTTTCAAAAGTATCGATCACCACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 348 tcttagcggtcgttaattaaGCAACAGCGTCCGACTCGGCAGTACAAATATGGTCGCCCACCCGTTCTAACGCGTTGCAAACACACGACTCACTCTGGGGGTCCGACGACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 349 tcttagcggtcgttaattaaTTCCATCCGGCCGAACGAGATTTGCTCGCGCACGTTTCCGCCGATCGCGGTATCGGCTTGCACGACACTCGCACGGGAGCGGCCTTGAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 350 tcttagcggtcgttaattaaCGATCGAACGACCTACAGTGGAATCCAATGGAACCCATGAATTTTGTTGTCGCCAATGAAGACTACAACGCCTACCTTTTCGATATGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 351 tcttagcggtcgttaattaaACGATCTACAAAGGGCACGTGTCCGCCGTTATGAGCGTGTCGTGGTCACCCACGGGACGAGAATTTGCGACGGGTAGCTACGATCGAACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 352 tcttagcggtcgttaattaaAGCCAGGGGGGTGCCGCCCGGGACGTTTACCACACAAAGCGTATGCAACGCGTTTTTTGCGTGAATTATACGATGGATCACAAATTCTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 353 tcttagcggtcgttaattaaACCAATTTGAGGCTATGGAAGGCACACGCCAGTGAGCAATTGGGACAATTGACGCCACGCGAAGAATCGGCCATGCAATATCGACAGGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 354 tcttagcggtcgttaattaaCATTTGCCGGAAGTGCGCAAGATTTCGAAAGCTCGTAAAATACCCAAGGCGATCAAGAACCAAACGAAACAAGCTATCATTCAAAAGGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 355 tcttagcggtcgttaattaaGCTAATCGGGTCAAGTACGGAAAAGATGGAGAACACGAATTTGTCGGCGAACGAAAAAAAACGGTGGTCAAAGAATTGGACTAGATATGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 356 tcttagcggtcgttaattaaTCAAAAGCGTGTTACCCCAGTTCTCGTTGTTGCAACTGTACACCATCCGAGCTTAACTTATAAAGAACACTACGAACCTAAAGACCAACCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 357 tcttagcggtcgttaattaaCAGACCAACGAGATAGAGGGTGGCAAAGCTACTGGAGTTCGTATCACTCTTGGCATGCTGGTGTTCTCTGGTGCCAGAGGCTGCGTGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 358 tcttagcggtcgttaattaaGTCGACATTGACCACACCGTTCGATCCTTCCATCATATGTTCCCAGGATGAACTTGGCAATATGTTCCAGCACAAATCTCCGCTAAAGTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 359 tcttagcggtcgttaattaaACCATCCAGGTTGTACACCAGCCCAACGTTCCAGTCATTTAAGTCACTATTGAATGCGATAGCACCTTCGAACATAGATTTCATGTTCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 360 tcttagcggtcgttaattaaAAAAGAAAGATCTTGATGAAAAGATGTGGCATTATGAAACATCGATTCCATATTTTGCGCGTAGCGAATCTGTAGGCCCATTTCCTTTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 361 tcttagcggtcgttaattaaGGATATATTGCTCTGGAAGGCAATCGCATTCGCAAACATGAAACTCAGATCAAACGCCCCCGTCACATCCCACGTGGAAACATCGCCATTAGAAGAGTTGGAAGGCTATG 
 
 ８５ 
120303_snu_130mer 362 tcttagcggtcgttaattaaAAAGATGTGCGAAAAGTCCAAGACGTGTCCCGTGTCCCAGGATGAGAGGTTGGAATGAAAGGACAGAGCGTTCTGAAACATGCGACTCATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 363 tcttagcggtcgttaattaaGTCCCAGAAACTCAAATCTTCCGTAAAGTTGACGGCATTTTGAAAAAGACGCGAAAAGTCTTGAATGAGCGATACATTCCAATGGGAAACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 364 tcttagcggtcgttaattaaGGCACGATGTTGGTCGTCTTGCCAGAGTTTCACGGCACCGCGTATTTCTCGGTCGCTCGAGAATGGATAGGAGCTAACTATTGGTGAGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 365 tcttagcggtcgttaattaaACGAAGGACTCGAATCTCGGTCCTTTTCTCCTCCAACATTTCCCGATTTCCAAGGAGATCGTAAAGACCGTCGACAGATATTGCGAGTGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 366 tcttagcggtcgttaattaaGATGAGGCATAGCCCCATCGTTCGCGAAGTCACCATGAGTTCCGCTCTCACAGCAACTTTTGTGCCGACTAACGGTGAAAGTGTTCCGGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 367 tcttagcggtcgttaattaaTCTCTCTGGATTGCAAAGGCCGGTTTGATGAATAGGTTTGTTGCCTGACGGACCTCTGCCATGGTTGTACCGGTCCAAAAATGACAAGAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 368 tcttagcggtcgttaattaaAGGCTTGCCTTTCTGGGATTTCAAATGGGAATTTCAAATTACCGATATTTTTAACCTTCAAAAACTCGATTTTCTGATAACGCATCGGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 369 tcttagcggtcgttaattaaTGACGATTGTGGAGACCAAATACTTGAGCTAGCTAGCTAGTAGGAAGCTCACTGCCGACGTGATTTCATTGTCGTACAAGCGCTCACCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 370 tcttagcggtcgttaattaaGATTCAAATCATGTTGTGTAACCGTAGGCTGTTGGCGACGCTGTACAGCTGCGTTGTCCTGCTTGCCTCCACAGGAGCCTTTGTTCTTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 371 tcttagcggtcgttaattaaCCTGCCATCAGCTTTGGCCGCGACGGTAACGAAAACCACGTTAACGGACGCCACTAATTGGAAACTGCGACTGGTTTTGCGCGGAGTCACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 372 tcttagcggtcgttaattaaAGTTGACGAGGTTTTCAGTCTCACAACTCAATTCATCGAAGAGGAAGGATACGAACCCCCTCAAGGAGACCTTAAACAAGTCGTCGGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 373 tcttagcggtcgttaattaaCAAGATCGTGTCTAGTCGCTGGCAGCTATCTGAAGACCCGAATGACAGAAAAGATGGTCTCTGGATATGGGGTTTGTTCAAAGAGCCGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 374 tcttagcggtcgttaattaaTCAAGTAAAAACCGACTTAATTCCCCTATCGACGTCAGAAAATGAGGAAGCTGATCGGATTCTTCCGCTCGAGCTTTATGCACAAATCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 375 tcttagcggtcgttaattaaCAAGGGTGTAATTCTTGAAGCATCAGACCTCAAAGTAAGACAAATGGAGTCGATCAAGGCGGATCCTTTTGGTGCTGCCAAAGTTGATATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 376 tcttagcggtcgttaattaaCGGGACCATTTCAGTACAACCTATGCTATAAACGTGATCAGATATGCTAACTGTGTTCGCGTAAGGATTTTTCTCGATAGAAGAGTCGTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 377 tcttagcggtcgttaattaaCCAAATGCTTTGCAGCCGATAGTTTAAACGATTTCTATTCTACATGAGATCTTCGTCATCGTCGTCGTCATCTGAATCGAACGCGTATTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 378 tcttagcggtcgttaattaaGGCACCACTTGAAGCATTTATACTCGCTGCTTTTGCACTGCCCCGTTCCAGCATTTCGATCAATTTTCCTTCACTGATCTGGCCGGGAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 379 tcttagcggtcgttaattaaGCTGACTATAGTATTCTCGAGCTGAGCCACCTTTTGGGCTTTGACGAGTTTAATGCGGCCTAGTCTTGCCAGCGCTTCCGGCGTTAGCGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 380 tcttagcggtcgttaattaaCTTCTGTGCTTGTTGCTGTTGCTTTTCTTGTGACGCGCCACTATTGTTCCCGGCCGCTGTAAAGCCTTCCGGCAACTCTTTGGGGTCAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 381 tcttagcggtcgttaattaaATTGTCCATAGCGTTGGGCTCGTTCTATCTTTGAATAATTGTAGCTCGATTTTTTTCGTTGTAATCTTTGGCTGTTGGTCGACTTGTTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 382 tcttagcggtcgttaattaaTCTTGGCGGTAGCTTTGACCATGGTCGCCAAAGAAGAGAAATCAGCTTACTGTTAAAGTATGTAGGCTCAATCGGTCAACAGAATGCGGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 383 tcttagcggtcgttaattaaGAATGGCAAGATACAAAGTGGGGCATAGAAAGAACGTTGCCCTACCCTACTAAGGTTTGAGACCGAAAACGGCAAACGAAGGAGCTCACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 384 tcttagcggtcgttaattaaCAGAGAACCGATTGTAAATCTTGTTTTCCACTCATCATGACGACAATTTGCTGTCCACACAATCACGAACGACTTCGGAGATCCACAATGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 385 tcttagcggtcgttaattaaGTTCTCGTTACTCTACTTTCATCGTTGCCACTTCGTTTTTGCTTTGTCGCGCGTCCAATTTTTGTTTCGCCAGTCCAACGACCTCAAGGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 386 tcttagcggtcgttaattaaACATCGTCCGAGTCTAGTATCGCTGCCCAAGTAACAGCTGTGCCAACTATATCGTCCAAAATTCAAAGCACACTTGACCCGTGTGTGGTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 387 tcttagcggtcgttaattaaGGTCAGTACGCCGCAGAATGGGAAGCAAAGGGCGGAATTTTCTCTTTGGCACAGGGCGTCGTTTGGTGGCGTGAACCGACTTCATCAACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 388 tcttagcggtcgttaattaaTTACAGGAAAAGGATAGCATGCTGCACATGTACGGACCCGACGAAGGATTGATAGATCTTCGAGATGCCTTACAAGAAAAGATCAGGGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 389 tcttagcggtcgttaattaaCACCAAGTTATGGTCACAGTGGGGGCAAACCAAGCGTACGTGAACTGTGTACTGACGCTGGTCGAAGAACAGGACAAATGCGTCGTCTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 390 tcttagcggtcgttaattaaCATGTTATGGCTTTGCAAATGACACTGCCGAAAGATTGCCTGATGGTGGGATCGAGTAGTGATGACGGAATTCCGGATCTGAAATGGCTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 391 tcttagcggtcgttaattaaGATTCTTCTATTAAAATGGTAACGATCGTCAACCCCGGCAATCCAACCGGCACTCTGCTGTCTCGGGATTTTCTTCAGAAAGCTGTTGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 392 tcttagcggtcgttaattaaTGTTGGCTTATTTTGGATTGCACGTATGAGTACTTTGTACCCAGAGGATCGCGATTTGACGGCTGTTTTAAGGATCCGCATGTTTTACACAGAAGAGTTGGAAGGCTATG 
 
 ８６ 
120303_snu_130mer 393 tcttagcggtcgttaattaaGCATACGCCCTGGCAGGCTATCGATGCGGATATGTTACTGTTTCACGGGATGCACATGGAGTTTATGAAGAAATGACCAAGGTACAAGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 394 tcttagcggtcgttaattaaTCGCGAATTTCACAAATAGCTGCACTTGGGGCTATGAAAGCGGGAAGCTCGTGGGTAGAGGAAAAGGTCGCCACATTGGATACCGGTAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 395 tcttagcggtcgttaattaaTTAGAGCCGCTGGACCAGATAATGGGTGGATCGGGCGCCATGTATATTATGGGGAAGCTGAAAGATGGGAGCGACGATCAAGAAGTGGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 396 tcttagcggtcgttaattaaTTTGGGGTTGCAGTGATTCCGGGAAGCTTCTGTGGCTCTCCGGGATGGATCCGAGTGTGTTATGCGAATTTGCCCCCCGAAAAATGCTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 397 tcttagcggtcgttaattaaAAAAAAGGCATCCTGGCAGTTGAAGAGGACGCATCGTTGTGACTACATAATTCCACCAAAAAAATGGAAAAAGTGACATTGAGCTTATTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 398 tcttagcggtcgttaattaaACAGCAAGCACATTCGACAAAACGGCCAAAAATAGGGGAGTGGAAATTGTTCACGCCTGGTTTCTTTCCGCATCAGAAGCATGCTGGTATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 399 tcttagcggtcgttaattaaTAATTATTGTACATTATGCTACGGATATATTTATCGTTTCCGTCGCGTTGCTGAACATTTTTGATACGTAGCTCTTCGAAAGATATTCCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 400 tcttagcggtcgttaattaaCCCGTTCCATACCCATCGTATTCACAAAGCCTTTGAGCCATAGACGAACACCATCATCTTTCCCTCGGCTTACACTCGCTTTGGCGTCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 401 tcttagcggtcgttaattaaGTTTGTCTTTTCGACCGTTGTATCGTTCCCAAGAACCAAGATAATGATTGACGGCAATAGGCTGTTTGCGAAAATTTGAAAAGGTAAGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 402 tcttagcggtcgttaattaaAGGACGTCACTGGACGGTGAATACTGAACACAATGTCGTTTGGGAACTTGTTCTCTGGAATTGCAGATACGTCTAAAATCACCTTTGGATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 403 tcttagcggtcgttaattaaTATGCGGCAGAGCGTGGTGACGCCACCGCAACGACTCAAATTTAGTGCCGTTAAAGCCCTCCGGTACATCCTTGTTTCTGTGGTTGTCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 404 tcttagcggtcgttaattaaAAAGTACTCGGAGCATCGAAATGCACGGATAGCTGACAAGCTCTGCGGTCTTCTCCACTGCCTCTTGAATCAGCCTCAAAACAGATCCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 405 tcttagcggtcgttaattaaCTTTAACATAGTCAGGATTCATCTGGCGCAGCAGCTTCGATGCTACGATGAATTCGTCGGTATCAATATGAATCACCCACGAATTTCCCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 406 tcttagcggtcgttaattaaTGCATTTTGCCAGAAAGACTCTTTGTCGGTAGCGATGATTGCTGATTTCAATGTACGCACCATGTGTGACATTCGCGTTAAATTTGGAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 407 tcttagcggtcgttaattaaTCGGGGGTCTGTGATTTGACAGAAACTCGGCAGGCATGTAGTGTGCATCCGTCCATTCCAAAATCTCCAGATCCGTCATCACTTTCCACTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 408 tcttagcggtcgttaattaaGTGATTCGTAACTAAGCGGGTCCACCGCCACAATCAGATGCCGTAGATTAATGACATGATAGTGATAAGCCAGCCATTCATTGAGAATTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 409 tcttagcggtcgttaattaaGCAGGCAAGCAGAAAAGGTAGCGTTCGGAGCCATCGATTCCGCACGGGGCGGCAAGAAGCTCGGTTGGTTTCGTTTGTTTTTTCGACGTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 410 tcttagcggtcgttaattaaTTCCTTCCTCAACGTCCCCGAAGAAATCGCTAATAGCTGATTTCTGGGGGGCATTGCCCGAGTCTAGCAGCAACGTGCCATCATTCATTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 411 tcttagcggtcgttaattaaAAACCCAGTTCGTGACTAGCGAGACTATTACCAGAAGAGGAAACAGGATGACTATTTGCGCTCTCGTGCATCGAACTCTCATCGTGACTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 412 tcttagcggtcgttaattaaGTAAACAACCAGCTATCTTTCCGGTTCCGCATCTCCGCTTACATACCATGGTGACTTTCTGTGAATGGTCGTGTATACCGGAGATAGAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 413 tcttagcggtcgttaattaaCAAAACGTTTACAGAGCTCTAGTGAACTCGCGGTTCGATTGGGACAGAAGCACCAAGCGTTTCGGTACCGAAGCAAAAAGGGTTACTAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 414 tcttagcggtcgttaattaaGGAGTTTTCACAACGGATCGCGGGCGAGTCTCCTAATAATTTATTAGTATAGTATTTATAGAAAAGCTGTATCGCATCTTTACGTGAATAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 415 tcttagcggtcgttaattaaCCAACCATGTGCTCTCAAACTGAAGTGACGCGTATCTCATTTTAGGGATATTTCGTTATTTATAAATCCCTTTGTTTTCTGTAGACAATCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 416 tcttagcggtcgttaattaaTTCCTCTCCGCGGTTGCGGCATGTCACAGAAAAATTGATGCGAGGAAAATTCACATCAACTGTGCCCACAAATTGGATGTTCAACGGTTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 417 tcttagcggtcgttaattaaTTTCAACATCCGTTGGGGCAGTCATGTGCTCGATGCCGCCAACAACACCCCTTCATACGAGAAAGGAATTTTACCATGAGCGCCCCTTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 418 tcttagcggtcgttaattaaAGCCAGTCGCTTCGAGGCCGGGGATACAGCGACGGAGAGGCCTCGAAGCCCGCTCCTGTGCCAGTTGGTCGGATACGAAACCTCATCGCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 419 tcttagcggtcgttaattaaACGGTAGAGTATGATCGGGTCGCCGAAACGGAATTACGTGAACGCAAACTTGCTATTTTGCGAGTCAATCCCGCTGTTCGTGCCGTTTACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 420 tcttagcggtcgttaattaaGCGAATGTTAGGACGACCATAGGTGCAGAGTGTGTCTTGCAAACACTCATGGAAGATTTGAAAATACCGGAAATGTCCAGCCAGATGAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 421 tcttagcggtcgttaattaaCAGCTAAATCCTATAAGCACTTTGCCGCGGGGATTCCGGAAGTGGTGTGATGGTTTCGGCTGCACGTCGCCGATTTTAGAGGTATCTTTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 422 tcttagcggtcgttaattaaGTTGAGCACTCATTTCGACGAGAGCATAACGGGAACGCACCGAAGGCGAAAGGTGCGCGTCCAACAGTCAAAATTGAGCTGCCGCCTCTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 423 tcttagcggtcgttaattaaAGCAAGTACGATCTCCTATTGAATCCAGTGGATAACAACGCGACAAGCTTGTTGTTGGGAGATGCAATGTACGAACACGAGTTTTGTGACAGAAGAGTTGGAAGGCTATG 
 
 ８７ 
120303_snu_130mer 424 tcttagcggtcgttaattaaCGTGAGCCTCATTTGCCATCACTTGCTACTGTGAGCCACAGTGGCGATGACAATTCTTTCACTGGCCATACGACCGACGATGGAGGGTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 425 tcttagcggtcgttaattaaTCGTTGTCAAGTCACGAAAGTGTTAGAATGGAAATATGAGAAGTATGTGAATGAAATCAGCAGCCAACGCTCACAGATTACGTCCACAGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 426 tcttagcggtcgttaattaaGTGCTTAAACTGCTATGCAGCGATTGTATGTAATTATCCTCAATCTTGCGCCTTTGGCAATGAGTCTTGAAACAAAGTGTAAGCGGCTACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 427 tcttagcggtcgttaattaaTTCTGCCCGTAGCACAGTTGGTCCTAACGATATGTTAAAAATTGCATCTGGATTGAGCTGTTCAAGCTCGTCCAGCAGTAGTTCTTCGTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 428 tcttagcggtcgttaattaaGGGACCGACCAATAACGCAATTGGTGTGGTGACGCCCGTTCTCGACGATTGTGTCCTACCAAGAGCGTTCCAAATAGATTGACTACTGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 429 tcttagcggtcgttaattaaAAGCTTCACTTCGTTTTCAGGATCCTTCCAGAGAGACAAGAACATCCGAAGCGGTGTCGTACACCCAACATCATCTTGTTCCGTCGGTGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 430 tcttagcggtcgttaattaaGAGTCGCTCACACTGCTCGGCTGCTTCCATAACGTGAGCCTGCAATTTATTCCCCCGAAGATCAACCGATTGACTGTAATCAGTTTGCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 431 tcttagcggtcgttaattaaATTGAGTTCCGTCGTCTTTTCAATCATCCAGCGTGTGCGGTCTTTCTTTTTGGGCGGAGCCACGCACAACCACACCGTCGGCGTGGACGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 432 tcttagcggtcgttaattaaCGTGCAAGTCCCAATCACGGGATCCGACGATGCGCGACTTCGTCGACGCCCGCCCGTGCCATCCAACCGATGCATTTGTTCCAAATTGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 433 tcttagcggtcgttaattaaGCCGTCAAAGACACGTATTTGGGGAGCCTTGTTCCGTTTGTCCATACGCAAAACGGTCGTAACATGGTGTGACTGTTCGGGCGACAGAGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 434 tcttagcggtcgttaattaaGAGAGAGCTCAACGGCGTACGGGGGGTGTCATGGGCGCCTGGACGGGGAGGAAACCGAACTAGCGCTGGTTCTGGACCGACGTATAGTCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 435 tcttagcggtcgttaattaaTGGTTCACTGTAATGGTCATCAATCCGGCTACTACACCATCGTGCAGAATTGATCACCGATAAATTGCCAGACGTCCACCCAAATGCGGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 436 tcttagcggtcgttaattaaGAAGCTCAACAAGGCAAGCATTGTAAAGTTTTGGACCAGCGTAAAAACTCTTCTTCTCGGCCAATTCCGTTTATACATGAGTAGCTTTGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 437 tcttagcggtcgttaattaaCTCTTTTGGAACGCCATTGGGGAATGCAAAACAATGGATGCATCGATCCTGATGCATTTCCAATTCCCGGTAGCACGTGATTCGGCTTTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 438 tcttagcggtcgttaattaaCTTCTCCGGGAATCACTGTCAGTCGTACTCCACGAAAGTCGTAGAAAAGGTGACGTTCATTTGGGAAGACGGTGATGCGCATGCCGATCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 439 tcttagcggtcgttaattaaAGCATCAACCAGGACATCTGCTCCTCCACTTAGCTTCGACCTTTTCACCACCAATTAAATCACTCTGCTTCCCATCCTGCTTTCATTTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 440 tcttagcggtcgttaattaaACCCGCGTTAGGGAAAGAGACAGCCACCACCGTAGACCAAGAACAATCCTATTTTCTGTGGCTGCTCCAATATTCCTTCACTGTCAATTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 441 tcttagcggtcgttaattaaTCCGTCGCTCCCCGAACCTGTGCCAGATTCGCCCTCTGACGGTGATCCAACTTTGCGAACGTTTACGCTGTATCTTATTCGTCACGGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 442 tcttagcggtcgttaattaaAGAAAAGCTAGCACAAAAGCAGGCTCTTGAAGAATGCATCGCCCAAGGGCATTCTCCCGACGACCCCGTCACGAAGGAAAAAATGGAACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 443 tcttagcggtcgttaattaaCGAAAATCCCGACTTTTTCGATGCTCGTCTTTCCGATCTCGGTAAAGAAGAGGCTGAGGCAGCCCGAGCCCTAATCGAAACGTGGGGCGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 444 tcttagcggtcgttaattaaGGTGTTTGTCAGCCCTTTGCAGCGGACGCTACAAACCGCTAGTCGTGTGTTTCCGGATCATCCCAATATTCACGTCCGAGAAGAGTTACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 445 tcttagcggtcgttaattaaTCCCGCCGACAATCGATTTTCCAGCACAGAACTCAGTCGTCGAGATTCGTTCAAAAAGTTTTCCTTTAAGCATTTGCGACTCAACTCCATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 446 tcttagcggtcgttaattaaAATTTTTGGAGGAACAAGTTCCACCGATTTGCAAGAATTGGATCGAATCGAAGAAAAGGACGAAGATTTGTCGGGCACCGCTCGGAGCAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 447 tcttagcggtcgttaattaaCAACTCTAGTTTACATCATAATGTCACGAATACACGCAGCTTACATCGGCTCGGAAGCTCGTGCAACGCCGACGAAGTCGTGGAAGACGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 448 tcttagcggtcgttaattaaGACTTTCAAAGTGTTTAAGCTTCTCCTCGAGTCGGAACACGATTCGATCGCATTGGTAACTCATAAGGGTTATTTGCGAACCTTGGAACGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 449 tcttagcggtcgttaattaaAAATGCGCGGCAGTTTCAGAATTGCGAAGTTCGTGTTTACCAAGCTACCATTCATGTCGAGCGTAAGGAAGTGGAACGGATTGTCCGATTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 450 tcttagcggtcgttaattaaTAAAGGACTGAGTAAGTTGAAATATGTACTATATTACGTTAGTACGATCTAGGTGTTTTTGTGAAAGAGCAATAACGTGGGCGGCAATCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 451 tcttagcggtcgttaattaaGGAAAGTTCTTTCGCCCCTGGCGTCAATAGACTACAGACAATCTATCCGGATTGTCGGGTTCTGTTTTTGTACAGACTTTCTTTTCTTCCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 452 tcttagcggtcgttaattaaATCGGCTTTCTTGCGCAATGTCGATCCCATTGTATTACAAAGGAACGTGAACGGAGCGTAACTGTCCAAAGCGAAAGAGTTCACTTCTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 453 tcttagcggtcgttaattaaACTTCAACTATAAGGGACAACGCAGAGTCTCTGGCTCAACAACCTGAATGAAAGACAATAAGCAAATTCGCCAATAGCAGATATCCAAAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 454 tcttagcggtcgttaattaaGATTGCACCTTGACAACGCAGTCTCGCCCTTATTTGATGCAACCAAAGCAAAAACTATGTAGGCTCAGCTACAGCATTTTGGTGAAGAACAGAAGAGTTGGAAGGCTATG 
 
 ８８ 
120303_snu_130mer 455 tcttagcggtcgttaattaaGCTTTTGGCGCCACGCCACTTTCTGGAAATCATCGCTTTCAGCGCCCATGCGTTATGAGGCAGGTTGATTAGTCTCCAAGAATTAGGGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 456 tcttagcggtcgttaattaaACAAGTGGACCGGACTTTTGAGCATTTTTGACTCCGTCGCAGGTACGGAGATTGCCAGGAAGATTCAATTACCCCACAGTTGATACGCTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 457 tcttagcggtcgttaattaaCCCTTGTGCTGAGGGCTTGGTTGTTGACGCCGCGATCATGGTGGAACATGTCTCTTGCTTTTACAACCTAAATCCTACGTCCGTTGCGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 458 tcttagcggtcgttaattaaGGCAAGTGCAGATCCTTTTGGATGCAACTGTAGTCATGCAATTCCATTGAATAGCTGAGGAGGCTCATAACGTGAACACCACTGCAATTCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 459 tcttagcggtcgttaattaaAATTTCCGCTGATTTTGGCGTCTTTCGTCGAACCCCGCGCGCCGCACGCCAGTATCAAGCTGGAAAGCGAAATTGAGCTGCAATCCTTGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 460 tcttagcggtcgttaattaaTGCAAGCAACGACCATCGAGTTTTGCGTTACTTTCGATCAGGTGAAGACGCTAACTGTAAGGAACAATTGGATAATGCCCATAAAAATACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 461 tcttagcggtcgttaattaaCAAAGGCCTAATCAGATGACAACAATCCCTCTGTTTGGTACCAAAACGTAGTCAGTGAAGGTAATAAGCGGACCAACAACATTGTGCGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 462 tcttagcggtcgttaattaaTGCTCCACAGCACATTCTCTCTACTAGAGGTTTAGCAGCTTCTCTAGCAGAGACCATGATTTCGGTTTTTTAGTAGAGTTCGACCCGATTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 463 tcttagcggtcgttaattaaTTCTAATGTAACTGTAAGTGTTTTTAGGATTACAAATACGCCGTGTTGATTTCATTATTTCCCTCGGACTCAATAAGGAGCAACACTCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 464 tcttagcggtcgttaattaaGGCATTCATCGAATGGCTCCCGTTACTTTGCTATTACTTTAAGATGATCGACCATGCCCATTACAAGGTTTGCTTTCCACGGCGAGTTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 465 tcttagcggtcgttaattaaGGTCGCAAATAAAGACCGATATTTTTACAGTTTAGTACTGCAAATGTAACTGCAACAGACATAAAGTGTAATATGTCCGGAATTACTTAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 466 tcttagcggtcgttaattaaATGCGACATTTTATCCTTCTCCGCTGCCGCGCATATTAGCTCGCTGTCTCTCAGCCTTCGGGCCATTTTGCTGTTACTGTTTCTTCTCGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 467 tcttagcggtcgttaattaaATCGTTTAGGATTGCAGAAATGGAATGTGAAGAAGAAAGCGATACCGTCCCCGGAAAAGAAGTTGTCTCGAATCGAGAAGTATGGGCAGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 468 tcttagcggtcgttaattaaGCAACGTCACACTCGCCGACGCGCAACCCGACCACTGGCAGAACGGGCCGTATCAACTGTGACAGTAAATTTTTCCATTCCGCTCTCCTTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 469 tcttagcggtcgttaattaaTCCACGGGAATGGACTATTCAGGTAGCGACCGAGGCATTGTGGAAACATTGGTTGTACTCACGGGGTTTAGTCGGGTTGCCCCTTCACCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 470 tcttagcggtcgttaattaaGAGCATTTCTCCTTGCGAAAATTCGCAATCCAGAGATGGTGCAAAACAGCCGCGGCAATGTTCATTAGGTCGTGCCATTCAAAAAATGAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 471 tcttagcggtcgttaattaaCGAAAGCGATTGGAGGGATATCTCACACTCAGGACTCAACATTCAATACGTTTTGTTTTCTTTTGGCCCATCGTGGGCGCGTTCAAAAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 472 tcttagcggtcgttaattaaGTTTAATCTTCCTCATACTAATGCCTTGGAAATTAAGAATGCTTATGCCGATGAGGTGGGGCCGTCTCGGTCTACATACACGTTATCTACAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 473 tcttagcggtcgttaattaaTGTAAATGGGGAGTGCGAGGCTGACGGGTTGTTGTCCTCCCGAGAAATGCTCCAGCTCGTCAATCGAGGGTCTGCGGATCAGTTTTCGCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 474 tcttagcggtcgttaattaaTACTTCCTACGACAGACTCTACCACAGGGAGACCTCTACAACTTCGCCTAGTAGCAAGCGGATTTTGGACAAACTCTTGCTGCGGCGAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 475 tcttagcggtcgttaattaaAGCGAAGGGAATTCGACGATCTGGATGTGTAAGTCTAACCGTTACTGAAGCTACGGAGGCTGCACCGTCAGCTGATGTGAATAGCGCTATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 476 tcttagcggtcgttaattaaAACTGTTAAAGGACTCCGCTTACCTGCCGGCTGATAAAAGATTGAGGAAACTCACTAATCCGGCCTCGATGAGGCCGCAAAATCACTATTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 477 tcttagcggtcgttaattaaTGCTTACAGTTAGTACCAAAGGTGGGGCCGCATTACTTCCTTAGTAGTGATAATTATGAAGAAATATGGTTTAAAGCCTGTCGATGGAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 478 tcttagcggtcgttaattaaTTCGTCCGCAGGAAGCATCTTGAGAGATGATCCATGGATTATTCTTTTCGAAAAGTGTCTTGAGAATGTAACTTTCAAGTTCATTAATCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 479 tcttagcggtcgttaattaaAGGAAACAACACTGTCCCTATCTTAGCTACTCAACGAAATGTATGTTTTGGCCGGATTAGTGATTTTGCGGCCGCATCGAGGCGAGGATCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 480 tcttagcggtcgttaattaaATTGAATTTAGCAAAAAGTCCCTTCTTGCTAGGTTTTAGGGGTTCAACTGCATCTAGTAGGGGTAAGAAATACCTCTAATGGTCCAGTGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 481 tcttagcggtcgttaattaaATAATTTTCAATCTCAGCTCTTGTCCGTTGGGTATCGAGAGCTAGATTCTGCACGACAGATTTTGCAGTTAGCCATCGAAGCTGACTGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 482 tcttagcggtcgttaattaaAATTCGTTCCCGCCAATTATGGTTAGAAAACCTACCATTTCTAACGGCGATTGGTCATTTTCTTTTGAATACTGCCCATAGGATGGAACAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 483 tcttagcggtcgttaattaaCTTTTTGGAAAAGCAATATAACAAATTTCAGTGAAGATCATCAAAATGACTTTGATCTTTCTTTTTGTATAATATTAGTTCCTATCGCAAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 484 tcttagcggtcgttaattaaCAAACTGACAGCACAAGTTAGTTAGTTTTGGGTCTTGGGTCCGATTGCTTGGGCCGACCCATGATTGACTGTACAAAGAAAACCACAGGGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 485 tcttagcggtcgttaattaaGCAAATCTGTGAATACATCAACGGTTTCCCCTTACTACACTCCAGTATTCCTTACGTACGTTTGGTAGATTATTTCAAATCCCCAGCAACAGAAGAGTTGGAAGGCTATG 
 
 ８９ 
120303_snu_130mer 486 tcttagcggtcgttaattaaTTAAGGACAACATCTTCCACAGCCCATGCTCAATCGTCGACGAAGGCTTTGTAGCGATTTTATGAGCATGAGAGCTCTTCTTTTATCGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 487 tcttagcggtcgttaattaaATGTGCATGGGCCTTTTCAGATATAGGATACGAGGCGACGACCAATGTTTCCGCTATGTAGGTCTCGGTCAGCGCTGATAGGAAAATAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 488 tcttagcggtcgttaattaaATCATATTTTTGCTACATTGCGCGCAGTCTACAATTAGCGTTGGATGTTCGTGACATGCGCATGGCCGGAGAAAACTTCACGGAAAAGCGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 489 tcttagcggtcgttaattaaACGCAACTCGGCGTCTATGACATTAAGAGGATTGAGTATTGCAGCGGAAGACAGATGGGGCTCCTATCCACTGTATAATATATACCGTTAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 490 tcttagcggtcgttaattaaGGAGACAATTGAAGGGGATGATCCCGGATTTTTCGATGGAGAACCGATAGGACAGTATGCAAACTCAGTGGTAGACGATTTATTTCTTCTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 491 tcttagcggtcgttaattaaGGCCGATGGAGCCTTGGCATTCAATGTGTTAATGGCCTGCTGGAGTTCCCTTTTCGAAATGCTGTCTGCTTGTAAGCGAAACGATGCAGAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 492 tcttagcggtcgttaattaaTACAGCGGTCGATGCGGCTGCAGCATACTGGATTGGCGCAGGCCAGGTCAAAGGTGATGGAAATTCGGGGTACTTTCTTTATAATTTGGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 493 tcttagcggtcgttaattaaTTTTGATCAAGACATTTTTGAAACCCGAGTGAACACTTTGGTTCTAGAAACTTTCGCGTTTCTGAAGGTCGATATTGCAAGTGACCGGTGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 494 tcttagcggtcgttaattaaTTACGTGGAGATGCGAAAGAAGGTCAAAGTTCTCATCAGCATGTCGAATGTTGCTCTAGTTCAAAGTCTCATTCATCACATCGAGCAGGTAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 495 tcttagcggtcgttaattaaTGATTTTTGCGAACTCTATGCTCTTGCTCTGTATTCACAAATTGACGCTTGTGATTCTGGCTTGGCAGACCGTATCTTTCAATTGGCAATAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 496 tcttagcggtcgttaattaaCCAGTCAAAGTCAGAGCTCATTTCCGTCTTGCAGCAATCATATAGCTGTCTCGGAATAAAATGCTCCGATGTTGGGTCCTATCGGGATAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 497 tcttagcggtcgttaattaaTGATTCGGTGCTGAAACCCATGGCCGGGTACGTACCCTCGTCGGATGTGCGGCGCAAGAGCTTCATCGACCGTGATATCAAGCACATTGCAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 498 tcttagcggtcgttaattaaCGCTCGTGATGCAGCGCTGGATTACTACATGTACGGCTGGCATACGTATTTTAGCCTCCATGCGCTAGCCACGGACAATTTCAGTCCCCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 499 tcttagcggtcgttaattaaCCGGGCCGACATGTACTTCAAAACTCAAAATATGGAAACTCCGGATATTGTGGTCGTTAATGCGCTTACACGAGCGAATACTTATCCTCAAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 500 tcttagcggtcgttaattaaTGATACATTGGTCGATGGTATGTTGCGTGGAGTTGTTATGTACCTAGCTGCCCTATCAGAACTAAGTTCAGCTATTGATGCTTGTGCAAGAGAAGAGTTGGAAGGCTATG 
120303_snu_130mer 501 CGATGAACTATCGCTCTTCTGATTTATAAACGCCAATTAGAAAATGCAAAAAAGGATATTGCCACATGTTAAATAGGAATAACCAACAATAAAGCCTATCCCATGCAAAAttaattaaccacacatggca 
120303_snu_130mer 502 CGATGAACTATCGCTCTTCTTAAATAGGAATAACCAACAATAAAGCTTAACCCTTACTTGGTAAACCTGTTTCGAATATCAAAAAGTAAAGGAAATTCTATTTGGTCTGAttaattaaccacacatggca 
120303_snu_130mer 503 CGATGAACTATCGCTCTTCTGAGTCGACAGCTTTCAGGATATACCTGGGTTGGAACCGGGATTGGATCGACTCATGATTGTGCAGTCGACGATTAGGAAAATATGTCCACttaattaaccacacatggca 
120303_snu_130mer 504 CGATGAACTATCGCTCTTCTCTAAACATGATACATGAACTCCATCTCACCCGTGTTGGAAAAGCAACCGTTTGACTTGAGCAAGATCAGTCTTATAGCCAACCTGCGCAGttaattaaccacacatggca 
120303_snu_130mer 505 CGATGAACTATCGCTCTTCTCCAAAAAGAGTTCATTCATTCAATTTTTTTCATGGCTTCGTGATCAGTATGACAGTCGGCGAGGCGTTGTTCTCTCCAGATTACGAATGTttaattaaccacacatggca 
120303_snu_130mer 506 CGATGAACTATCGCTCTTCTGCAAGACTTACATTAACTGTAAATTAATGACCAAAAATTGGAAAAATGTTTGACCTGGAACGGAAGTTACATCCCCGTTCTATATCTTGTttaattaaccacacatggca 
120303_snu_130mer 507 CGATGAACTATCGCTCTTCTGCGAGAGTTGTTTTGTCACGGTACTTGTTACCTTTTGGAAGTTACATATTGATGGTAAGGGTCATTCATTGGAAAGGACATTGTGCGATTttaattaaccacacatggca 
120303_snu_130mer 508 CGATGAACTATCGCTCTTCTTTTTCCTACAGGACATTTAGCCCTTGTACTGTATCGAACAGCAAATCCATAGGGTAAAATCACGACCAGTTTCTTGTGTTCAACAGTGAAttaattaaccacacatggca 
120303_snu_130mer 509 CGATGAACTATCGCTCTTCTCTGGAAGCAAGGTTTAGTTTGTTTTGGTTTGCTGCTATGACTTTTTCCGCCGGTGCGAGCGTCTTCATCCAGGAACGCCAAGGTAACGTCttaattaaccacacatggca 
120303_snu_130mer 510 CGATGAACTATCGCTCTTCTAAGGAAGGAAGAATACGACAAAGGCTAGTTTCTTGTTGGCAAAATGACGGTCAGTTTTAATCTCGGGGTGACGGCTTTTTTCACCTACCCttaattaaccacacatggca 
120303_snu_130mer 511 CGATGAACTATCGCTCTTCTAACCGAATCCCTTGGTTTCTCAGAGCGATCGATGGATGAGGATATGTTTCATGAGGCCGAAAAAGGAGCTGACGATATTTGGGCATTATCttaattaaccacacatggca 
120303_snu_130mer 512 CGATGAACTATCGCTCTTCTAATAAGGTGGGTTTCTGGCTTACATTGTCTTTGATTTACAGTTAGTAAACTTCCTTCATCCTCTCACGATAATCCCTTACTTTTAGAAGCttaattaaccacacatggca 
120303_snu_130mer 513 CGATGAACTATCGCTCTTCTAATTTGGCGATGAAGGGGTTTGGTGCATTGGGGAATGCTGAACCATTAGGGGAGCATGAGAACTTTTTCGATATGATCGTAGATAATGACttaattaaccacacatggca 
120303_snu_130mer 514 CGATGAACTATCGCTCTTCTGATCCACCCGACTTGGCTCCTTCTACTGGGTCAGATATGGCTGGGCGAGACGTATCTCAAAATACAATGTTTGTTGCTAACGATGGTGTAttaattaaccacacatggca 
120303_snu_130mer 515 CGATGAACTATCGCTCTTCTGTAGATGATGTCGCCAAAAGGCTCCTTGAGACAAACAACGACTCCGACGATGCTCCAGTAGCGTCAAGGCCTGATCTATGGAATGAAATAttaattaaccacacatggca 
120303_snu_130mer 516 CGATGAACTATCGCTCTTCTGAATCTTTGAACACAAGTTTCAACGGAAGTTTTGCAAACATAGCAAGTGAGAGTCTTCAAGAGTCACGAAACTTTGTGGGCGCGTATTGGttaattaaccacacatggca 
 
 ９０ 
120303_snu_130mer 517 CGATGAACTATCGCTCTTCTGTATGGCTGTTTGAAACTGACTGTGAGTCTACGATGAATTATTCATCTTCGTCCCTAATGAATTTTTCACCGTGTTCGTGCAGGCATAGCttaattaaccacacatggca 
120303_snu_130mer 518 CGATGAACTATCGCTCTTCTGCTACAGAGGCAGCCAAAGTCGCGGCAAAGCAAACCGCTTCTGGACTAACAACTGCGGTGTTGACGACGAATAGCGCCGGTGTATCTATTttaattaaccacacatggca 
120303_snu_130mer 519 CGATGAACTATCGCTCTTCTGGTGTGAGCTTCTTCTTCTTTTCGGCTGGGATCATTTTTACCGGCGTATCGCTTCGCGACAGAATAGGACCAGAGGTTGTGGCCCAAGGCttaattaaccacacatggca 
120303_snu_130mer 520 CGATGAACTATCGCTCTTCTTTGACCGAAAAGTTGAACAAGACATTGCCCTCACGGCCAACAAGATCTCCAACGATGTACCCTGCTGAGACCTATTTTCCAACATCTTCAttaattaaccacacatggca 
120303_snu_130mer 521 CGATGAACTATCGCTCTTCTCAGGTGGATTCACGCTTTCCATCTCCTTCTATCACCTCCCAACCCTCTATTTCAGGGGTTCCTACTCAAAGTCAGTCGACTACAAACAATttaattaaccacacatggca 
120303_snu_130mer 522 CGATGAACTATCGCTCTTCTACTCCAAGCACCAATCCAGAAAACAATCAGGTAGTAGGTACAAACTTACCAACGGTAACGATGAGTCCGCTCGGACTTCAGCCAACTCGGttaattaaccacacatggca 
120303_snu_130mer 523 CGATGAACTATCGCTCTTCTTCATCGGCAGTGGAGATGGGAAGTCTTCCTCCAACAGGACGACTCGTCTCGAATTCAAACAGCCCGTCGACATTAGAGCCGATAGCGACCttaattaaccacacatggca 
120303_snu_130mer 524 CGATGAACTATCGCTCTTCTCCAAGCAATGCTCCCTCTGACGAAGCGGCTGAAGCGATAGTACCAACGACTTTGCCAGCCATGAAGCCCTCTTCCTTACCAATAGGCGAGttaattaaccacacatggca 
120303_snu_130mer 525 CGATGAACTATCGCTCTTCTGCAAGACCAAATACGGTAAAAACCCACGTTCCAGCAGCATTCACAAGCACCGTTCCCTCAACTTCAACGCCCGGGGAAAACCTACTATCCttaattaaccacacatggca 
120303_snu_130mer 526 CGATGAACTATCGCTCTTCTACGCCTTCTCCGTCATTGCAACCCAACAAGTCATCACCCGGCGAGCAAAGCAAATCTCCATCAAATCTCATTAACACATTGAGTCCTTCCttaattaaccacacatggca 
120303_snu_130mer 527 CGATGAACTATCGCTCTTCTTCGGTACCAAACGCGCAGGACAGCCGGACACCCTCTATCGTGACCCCCAGCGGGTCGCCAAACGATTCCTCGTCAAACAATACCCGACTCttaattaaccacacatggca 
120303_snu_130mer 528 CGATGAACTATCGCTCTTCTTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCATGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAATCCTTCCGCCGCCCCAGAttaattaaccacacatggca 
120303_snu_130mer 529 CGATGAACTATCGCTCTTCTCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCCCCttaattaaccacacatggca 
120303_snu_130mer 530 CGATGAACTATCGCTCTTCTCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCCGCttaattaaccacacatggca 
120303_snu_130mer 531 CGATGAACTATCGCTCTTCTCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCCGCttaattaaccacacatggca 
120303_snu_130mer 532 CGATGAACTATCGCTCTTCTTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCTTCttaattaaccacacatggca 
120303_snu_130mer 533 CGATGAACTATCGCTCTTCTGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGACTGAAAGTCCttaattaaccacacatggca 
120303_snu_130mer 534 CGATGAACTATCGCTCTTCTAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCATGCCGAGCCAGTCGCCATTTCAAAGTCCGAGTGAAAGttaattaaccacacatggca 
120303_snu_130mer 535 CGATGAACTATCGCTCTTCTCTCAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGCAAATGAGCCATCTAGCATGCCGAGCCAGTCGCCATTACAAAGTCCGAGTGAttaattaaccacacatggca 
120303_snu_130mer 536 CGATGAACTATCGCTCTTCTAGACTTAGGTCCTAGCTCCAGCTCTGCGCCCAATGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCGAGttaattaaccacacatggca 
120303_snu_130mer 537 CGATGAACTATCGCTCTTCTCCCAGACTTAGGGCCTAGCTCCAGCTCTGCGCCCAATGCAGCCGCAAATGAGCCATCTAGCACGCCGAGCCAGTCGCCATTACAAAGTCCttaattaaccacacatggca 
120303_snu_130mer 538 CGATGAACTATCGCTCTTCTCGCCCCAGACTCAGGGCCTAGCTCCAGCTCTGCACCCAACGCAGCCGATAATGAGCCGCCGAGTATTGTTCCAAGCTCTGACCCTGACCTttaattaaccacacatggca 
120303_snu_130mer 539 CGATGAACTATCGCTCTTCTCTCGACAGAACCAAGTACGCTTCCCACTGGCGAAGACAAAGGTACTCCCTCTTCCATACCTACACGCTATCCAGTCTCTGATTCCAAGCAttaattaaccacacatggca 
120303_snu_130mer 540 CGATGAACTATCGCTCTTCTATCTCCATTGTCGACTCCGCCAGTGAAAGCCTCTTCACAGCCGAGCCAGTCGTCTTTTGACGATCCAAGTCTTGCTCCATCGATGAATCCttaattaaccacacatggca 
120303_snu_130mer 541 CGATGAACTATCGCTCTTCTCAATGGCCAGTCAAGCATTGGACCAAGTGCCAATCCGAGCGCAACGACTGCTTCCACCAGACCAAGTCTCTCCCCTACTGGCGAGCCAAGttaattaaccacacatggca 
120303_snu_130mer 542 CGATGAACTATCGCTCTTCTATCGACCTCATCGCCAAGTACCAGTCCGCAGTCCAGCTCGGAACCAAATAGCGCTCCAAGCTCGGGGCCCAGCGGAACTCCCGTAGCCGAttaattaaccacacatggca 
120303_snu_130mer 543 CGATGAACTATCGCTCTTCTCCACTCTCCTGTTACTGCCCCAAGCCGCATCCCATCATCTGCGCCGAGTTCTTTTCCAAGCAGTAGTCAACAGCCCCTGGCGATCCCTATttaattaaccacacatggca 
120303_snu_130mer 544 CGATGAACTATCGCTCTTCTTAGCACACTTCCCAGTGCCGCACCTTCTTCTTGTTTTGAGCAGTTGCTGGATTTCAATGACTTTGACGGGGGTGACTACATTGGAGATTTttaattaaccacacatggca 
120303_snu_130mer 545 CGATGAACTATCGCTCTTCTGGTCATTCATGCAACTGCAAGCACCGCTGCTGGATTTACTCCAGGCAACAAAGCAAGAGTCTTTGACACTTCTTTACCGACGAGAGCCGCttaattaaccacacatggca 
120303_snu_130mer 546 CGATGAACTATCGCTCTTCTAAACAATCCGAATGATGGTGACCCAGATTTGGGTTCTCCGAATTCTCTGTGCCCCAACGGTGGTCCAGGAATCGGTAGGGGAGGTGCTCCttaattaaccacacatggca 
120303_snu_130mer 547 CGATGAACTATCGCTCTTCTCTGCGTTGCCATTGGAAACGTCATCGTTATTCAGGAAGGCAACAAGCAGTGCCCAGACGACAGTGCTGGAGGAGGAAAAATACGATTTACttaattaaccacacatggca 
 
 ９１ 
120303_snu_130mer 548 CGATGAACTATCGCTCTTCTTGTCGACTACATCCAGATGCTGGATATTGATGATCACGGGATCACCCCAATTTTCAGGATCCACCATGCGGGTGGTCTAAACGTTACCTCttaattaaccacacatggca 
120303_snu_130mer 549 CGATGAACTATCGCTCTTCTCAATGGCTTTTACAACCACACCGTGAACTTCAACAGTGTCAACTGGGTTGAAGTGGAATTCAACGCTTCTGGCTCCGTGGCGGGCATAGGttaattaaccacacatggca 
120303_snu_130mer 550 CGATGAACTATCGCTCTTCTAGCATAGTCTTGGCACGTGGCAGATTTTTGAGTATGGAGAACAAGCACTGACTGTAAAGGTAACCGGTCAATATGATAAAAGATGGATTGttaattaaccacacatggca 
120303_snu_130mer 551 CGATGAACTATCGCTCTTCTACTCGGTTATTGGGTCACTGCTAGACCTTCAAGATGTCACGATATCCCGGCGTTGTCGGGAGAAACGATACGAATGCTAGTTTCGGGTGTttaattaaccacacatggca 
120303_snu_130mer 552 CGATGAACTATCGCTCTTCTTGACTGGGAGAGTGCCAATGGACGAGATCGTAGTCTGTGTCGCGGTACAGTCTTGACAAAATAGGTATAAAGAATTCGATACACTCTCTAttaattaaccacacatggca 
120303_snu_130mer 553 CGATGAACTATCGCTCTTCTAACGAATGAACCAAGGGGTACTGTGCTCAGAAAGTGAAGCAATCGAAAAAGACAACTTCTCCCTGTCAGCAGCCACGATTGGAAAAGGATttaattaaccacacatggca 
120303_snu_130mer 554 CGATGAACTATCGCTCTTCTTGACGTCGTCTCTCTAGCTAGAAGGAACTACTACTCGACATGGGATCTTGAAGAAACAGAAACAATAACCCCACTTGACTCGCTGCCACCttaattaaccacacatggca 
120303_snu_130mer 555 CGATGAACTATCGCTCTTCTAAGGGTACCGGCAATCCCTGCTTTCCCTCCTCGTTGGACTGCTGTTGCGGCAAGGTATCGAGTTCCATACCAAGGAATTGCCGAGCCGCCttaattaaccacacatggca 
120303_snu_130mer 556 CGATGAACTATCGCTCTTCTCGTTCGGTGGAGAGGGATGCCGTCGAAGGTGGTGGGGCAATACGGACTCCCGGAATAATGGTGCGTAGGTTTTCGACTTCTTCCACGGCAttaattaaccacacatggca 
120303_snu_130mer 557 CGATGAACTATCGCTCTTCTGCCAACTGGACCTTTTCTTCGTCGGCCTTGCCCTCGAGTGCTTGTGATTTGATCGTCCGGAATCCTTCTAGTGCGGTGGTCCGACGATCCttaattaaccacacatggca 
120303_snu_130mer 558 CGATGAACTATCGCTCTTCTCCCACCCGCCAACGCAACAAGGAAAAGACGAGCGCAATAAAGAGGAAGGACCCTAAGGCCGGAACGTTCAAAACCGGTTCGAAAGAATCCttaattaaccacacatggca 
120303_snu_130mer 559 CGATGAACTATCGCTCTTCTGCGTTGCCAATCCAGAAGGGGGACGTAATGTGGTCATAAGGGAACTGAACGCAAAGCGATGTTCGACTGTGCTGACTGCGGGCTCGGCGAttaattaaccacacatggca 
120303_snu_130mer 560 CGATGAACTATCGCTCTTCTGCGGGATGTTTCATGATGCGCGGTTATGATTGAGAGTAGCGTAACTGTAAGTTACGGCTCATTGGTTTCAGGCTTACTCGTCTATGGGAGttaattaaccacacatggca 
120303_snu_130mer 561 CGATGAACTATCGCTCTTCTTAGTGTTGGGGACGAGCTTGATCCGATTGTCCATCGTGCTTCTTTTCTATCGGTCCGCTAATTTGGAGGTCTGCTTACGGTGAAGAGGATttaattaaccacacatggca 
120303_snu_130mer 562 CGATGAACTATCGCTCTTCTGAGTTGTCGTTGACTCGGTGATGTTCTTTCCTGGCGGGCATGTCTGAGACTATTTTATACATATATATGTATGACAATACAATAATAGGAttaattaaccacacatggca 
120303_snu_130mer 563 CGATGAACTATCGCTCTTCTACCTGTATCATAAGTATCAAGTTTTCGAGACAAAGCGCCTTGATTTTCTGGATTGGACGACCATATCTGTGAGTTCTTTTCAGGACGAGAttaattaaccacacatggca 
120303_snu_130mer 564 CGATGAACTATCGCTCTTCTAGGATCGTTGCAGCTTGACTACATGATGTCTGCAAGGAGCGGAATAAGGAAATGGTATGGTCGTTCTGTGTGTCGGATTGAACGATAGGTttaattaaccacacatggca 
120303_snu_130mer 565 CGATGAACTATCGCTCTTCTGAAAACCGTTGCAACGGCTCAGTTCGCTTTCGCTTGGGAAATCATGACACGCGGTTGGTCGGCTCCAACCAATATCTTGCGACGTACCGTttaattaaccacacatggca 
120303_snu_130mer 566 CGATGAACTATCGCTCTTCTGCATCGTGTGCGCAGTTCTCATTCACATTTACGTGAAACAGAATTTTCCCAGATACCTGACGGAAAGTCGCTCGAGAAGCTTGGCGGACCttaattaaccacacatggca 
120303_snu_130mer 567 CGATGAACTATCGCTCTTCTCGGACTGGATCCTTCATCGAATCGCTTCCACGCTCCTATCGTCTATCACGAAGACTATTCCTTCGCCGATTGGCCCTCGTTACACACCTTttaattaaccacacatggca 
120303_snu_130mer 568 CGATGAACTATCGCTCTTCTTCGCACAGCTCACGCTCTTTTGACAACTTGTAAAGCGACTTACCCCGAAAGTTCGCTTCCTCGTCCACTGGTTCGCCAGGAATTGGATTTttaattaaccacacatggca 
120303_snu_130mer 569 CGATGAACTATCGCTCTTCTTGGTGACGTTCCCCGATCCTGGTTGTCCGGTCCGATTGACTCCGTCTTCGTCGACCGCTTTCTGAATGCTCAGCTATCGCACGAAGAATGttaattaaccacacatggca 
120303_snu_130mer 570 CGATGAACTATCGCTCTTCTGGAACAGACGGGTCGGACGGAGCTTATTCGGCGGACCGTCTTGGAAGTGGCCGGGACGGTGCTCACGTCTCAGTTGGCTTGTCGCTACGGttaattaaccacacatggca 
120303_snu_130mer 571 CGATGAACTATCGCTCTTCTCGGCGGTACTCATCACGCCCATGTTACGGGTGGTGCCGGCTACACCATATTTAACGACTTGGCCGTCGCGACGCACGTCGTGACTGCGACttaattaaccacacatggca 
120303_snu_130mer 572 CGATGAACTATCGCTCTTCTTGTGTTGGTCATTGATTGCGATGTGCATCAGGGCGATGGGACGGCCCGCTTCTCGGCGGCCCCGGACGGTCCCTTGCACAGCAAACTCTAttaattaaccacacatggca 
120303_snu_130mer 573 CGATGAACTATCGCTCTTCTTGCGAGTAATTATCCGCGCCTCAAGGCACATTCCACCTGGGATGTGGGTTTGCCGGACCGCATGGAGGACGATGAATATATGGACGCGTTttaattaaccacacatggca 
120303_snu_130mer 574 CGATGAACTATCGCTCTTCTGGCCTTGGCCGCTGCCCAACCCGATCTAGTCCTGTACGACGCCGGTGTCGACGTATATCGCAAGGATAAATTGGGACGGCTCCACCTGACttaattaaccacacatggca 
120303_snu_130mer 575 CGATGAACTATCGCTCTTCTACGCGATCGGTGGGTACTGGATCGGTGCGTGTCGGCGAGAATTCCCGTCGCGGCCGTGGTCGGAGGCGGGTACGACCGTGACGTGGACGCttaattaaccacacatggca 
120303_snu_130mer 576 CGATGAACTATCGCTCTTCTAATCGTGCACGAAGAAGCCAGCTACGTGTGGAGAAAACATCGAATGTGGGAACGAGCCGCGCCTCTCGTGCTGACCGAGAATGACTAGAGttaattaaccacacatggca 
120303_snu_130mer 577 CGATGAACTATCGCTCTTCTAAGAAGGAGGAACGAGCGTAGAATAAGCATAGCTGATGTTGCGGAAAGGTGTAGGTGTAGAAATGGTTGTTGAAACTTTAAAAATTATATttaattaaccacacatggca 
120303_snu_130mer 578 CGATGAACTATCGCTCTTCTATTTTGACAGTGCACGAGTACAGTGTACGGCGATGGGAGCAGCACACAAAAGTAGAACCAACGTAGCACGAAGGGACGGAAGTCTCTTTTttaattaaccacacatggca 
 
 ９２ 
120303_snu_130mer 579 CGATGAACTATCGCTCTTCTGAAAACAAAGTTCGGACGTGTGAGCTTCAGTGTCTCGTGTGACGCCTTTGGAGCTCCTTTCCTTCTTTGTCACCAGAAAAGGGCCTACAAttaattaaccacacatggca 
120303_snu_130mer 580 CGATGAACTATCGCTCTTCTGTCGAAGTAGCCAGCCGGCGCCGTCGTCAAAGGCACCGTTGACGAAACAAAAGCCTGCCATTGACCCGCAATCTTCTCTACTCTCGACGAttaattaaccacacatggca 
120303_snu_130mer 581 CGATGAACTATCGCTCTTCTTTGCCATGGCCTTCCCCTCGGTAGCGTCGGATCCCACTGCAGCGCTCCCACCGCTACGGGACGAAACTTCGGCATACCCGCTCGTCGCCAttaattaaccacacatggca 
120303_snu_130mer 582 CGATGAACTATCGCTCTTCTCCCATTTCGCCGCCAACGGATCTTCGGCGCATGGTGAAGAAACCACTGCGGTGGCGTCGTCGGCGCTCTTTCACGATCCGTCGTACGCGCttaattaaccacacatggca 
120303_snu_130mer 583 CGATGAACTATCGCTCTTCTTGGACGCCTTGATTGTCTGCATGCGCGACCATCAGGACCGACGGTGCCGTATTTTGGCAGCCCAAACACTCGCAATACTCGCCCGTGCCGttaattaaccacacatggca 
120303_snu_130mer 584 CGATGAACTATCGCTCTTCTACTCTCCCTGGGTGTTTGCGCAACGCGAACCGACCCTCGGGCTACTCGAAGATCAGGTGGGGTCGGAAATTCCCGCGGCGTTAGCTGTCGttaattaaccacacatggca 
120303_snu_130mer 585 CGATGAACTATCGCTCTTCTATGACGGGGTATCCGCCTTTGCTTTACAAGCCCTGGGACGGCTCGTTTTGGGGTCGTCGCCGACCAGCGGAACGCTCGTAGAAGACGACCttaattaaccacacatggca 
120303_snu_130mer 586 CGATGAACTATCGCTCTTCTCCATTGCTTTTGCCAAAGCAACACCCTACGCTCCAACCCTGCGAGCTGTGGCCGACGAGGACCCATCCATCCCGAGTATGGAATTGCAAAttaattaaccacacatggca 
120303_snu_130mer 587 CGATGAACTATCGCTCTTCTTACTCATTCCGCGAATGCTGCAAATGATCGATCGACTGTTGCAATACCCACGATCCGACCACGTGATCGTCGCCTTGCCCGTCGTGGTCGttaattaaccacacatggca 
120303_snu_130mer 588 CGATGAACTATCGCTCTTCTTGCAGATTGTTCCAGCACAGTTGCAAGGTATGGATCCCACTACATACGCCAAGCGTTGGATGGAGGTGGATGCCAAGGGTCTCGTCGATAttaattaaccacacatggca 
120303_snu_130mer 589 CGATGAACTATCGCTCTTCTTGCTACCGGCAATGCAATCTTCCTTGGATGGCGCATTGGCGTCGGCCGCGGTCCTGGCTTCGTTGCGTCTCGCACACATCTGTCCTCAGCttaattaaccacacatggca 
120303_snu_130mer 590 CGATGAACTATCGCTCTTCTTGATATCCGCGACCGTAGCTACCTTGCAGGAGGAACTGTTTTATAAGCCCCTTCCGCAATCGCTAGAACAACGCATGACCACAACGGCGGttaattaaccacacatggca 
120303_snu_130mer 591 CGATGAACTATCGCTCTTCTGGGCCGTTCCCTTTCCGACTCGAACCGTGACCCTGATTGCGTTAGTCGATATCGTGGCGGAGCTTCCCGCGACAATCCCGGTGCCTCACGttaattaaccacacatggca 
120303_snu_130mer 592 CGATGAACTATCGCTCTTCTTCTTGCTTTCTTGGGAAGGCTACAACGTTTACCATCGACCGTCACGGATGGGATTCTGGACAGAAATTGCACTCTCCTTTTTTATCGATGttaattaaccacacatggca 
120303_snu_130mer 593 CGATGAACTATCGCTCTTCTGAATAGCGTATCCGCGCAAAGAGTCGCTCCAGCAATTTCTGGGAAGTTCATCTTTTGTCAAGGTTCTTACCGATTCGGACAACACGCGTAttaattaaccacacatggca 
120303_snu_130mer 594 CGATGAACTATCGCTCTTCTAACTGCTCGTTGCCTTTGGGACGGTCGCCGTCGAGACTGGCCGTCGTTTTCGTGTCGGAACGGACGGGTCATCGATCATCGTGGATCCGAttaattaaccacacatggca 
120303_snu_130mer 595 CGATGAACTATCGCTCTTCTAATGGGTTAAAATGGCACGACGTATTCTCGTGGCCTTTGTGCCTTGCATAAATCTAGGTCCCAAGACTCCGTACTTGACGGAAGACCTGTttaattaaccacacatggca 
120303_snu_130mer 596 CGATGAACTATCGCTCTTCTTCGCCACTTATGCGCGCTTACTACAGGAGTGGTTGCATTTTTCCGGTCTTATACAGCCTGCCACATCCGCGGCCCTGAAGTTGACCGCCAttaattaaccacacatggca 
120303_snu_130mer 597 CGATGAACTATCGCTCTTCTTACTTTTTGACACTCTTGCTGAGTCGGCCGCCTTCTTGTCCTCATTTCCCGCCGCGGATATGGGCGAAATGGAACCTTCAAGTAAACTCAttaattaaccacacatggca 
120303_snu_130mer 598 CGATGAACTATCGCTCTTCTGCGAAGTCAAGCAGGGTATTCCGTCCCATCATCTACGACTGTTCGTCTTGGCTCTGGCGGCGGACCACTGGGTGCAAAGTCGCATCTTGAttaattaaccacacatggca 
120303_snu_130mer 599 CGATGAACTATCGCTCTTCTAAAGTAGCAAAAAGGGCGCCAGCTCTTTGAATCTGAATATGCAGAGTGGTAGAGATATTTGTGCTGCACTTAGTCCCAAACGTATGTTGGttaattaaccacacatggca 
120303_snu_130mer 600 CGATGAACTATCGCTCTTCTATGTGCCTCCCGTCGATGCCGATGGAAAGCGAAAGAAAGATCCCATCCAGAAGCTGGCACTAGAAACAGTTCGTGTTTGTGTCGCGTGCAttaattaaccacacatggca 
120303_snu_130mer 601 CGATGAACTATCGCTCTTCTTTGCTTGTGATTGGTTGAAACGTATTGGCTCCAGCCCGGAAGCAAAACACTTGATATCAGTTTCCGTAGGATTGTTGCAAGGGAAAATTGttaattaaccacacatggca 
120303_snu_130mer 602 CGATGAACTATCGCTCTTCTATACAATGCACAGTGTCGTGGGTCCATTCTGCGAGGCAGCTGTAGCCCGTATTCAAGCCTTTTACGAAAGTGACGACACTGGATTGGACCttaattaaccacacatggca 
120303_snu_130mer 603 CGATGAACTATCGCTCTTCTAGCTGGTGACGCAGTCGATCAAGACAAAAATCAAACCGCTCGTTTCATCGTCACCGCAACCGGCAGCATCCGAAGAAGACTACCTCAAAGttaattaaccacacatggca 
120303_snu_130mer 604 CGATGAACTATCGCTCTTCTATCGTCAAATAGTATTAGGACGAGTAGCACAAGCTGTCTATTCTTTCCCATCGGTTGGTTCCAGTCTCTTGATGGCGCGGCCAACGAATTttaattaaccacacatggca 
120303_snu_130mer 605 CGATGAACTATCGCTCTTCTCGCCTATTCCGGAATCCAAAGATGCTCGCGCGCTAGGGAATGTCGGCGACACTCTCAACGCTTCCCGTGATTTAGTAGCAGCTTCGTCGTttaattaaccacacatggca 
120303_snu_130mer 606 CGATGAACTATCGCTCTTCTCTGTTGTCCTTGCCTGTATTCCGAGAAGAAATCCCCGATACGACGGAGAAGAAGAGTTCCGTTTGACGGTCGTAATGAGAGCCTATAATGttaattaaccacacatggca 
120303_snu_130mer 607 CGATGAACTATCGCTCTTCTGTAGAGGTCTTCGCCTCGAATTCGGCGTTACGTCCCATGAGCCTGATCCGTCCGATCTAGACAACATTACTAGCATTGATGAGATCCGGTttaattaaccacacatggca 
120303_snu_130mer 608 CGATGAACTATCGCTCTTCTATGCAGGATCAGGTGAACAAGACTCGATTTCGGCTTCTGCGGTGTATCGAGATGAGCTAAAAGCGGGGGAATATATCACGTGGGAAGTATttaattaaccacacatggca 
120303_snu_130mer 609 CGATGAACTATCGCTCTTCTATAACCGAAGTATTTCCGTCGTACCCTCGGTAATTTATCGATGTATTTCCTCCGAACCGCTAGAAGCTGGCGCGGAATGGACTGGATATGttaattaaccacacatggca 
 
 ９３ 
120303_snu_130mer 610 CGATGAACTATCGCTCTTCTATATAAGCACTTCAACTGGTGCTGAAAGCAAGACTGGAGAAGACGATTTTCAGGTAACGCAGCTGGATGGCAAACCGCACTTACAATCAAttaattaaccacacatggca 
120303_snu_130mer 611 CGATGAACTATCGCTCTTCTAGAATGTTCAAATTTGTGGAGAATCATTGGTACTTTCGCCAATGTTTGGATTCCAGCCCTGTCCCTTAGTCTTCTTTCTAGATAGATGGGttaattaaccacacatggca 
120303_snu_130mer 612 CGATGAACTATCGCTCTTCTGCTTTCTATGGTTTCGCATGTTGTTTCAAGCCCCACCAATTCGGCTGAAGGGAAATCCACAAATTTTTGTATCAACTCATGAAAAGAAGTttaattaaccacacatggca 
120303_snu_130mer 613 CGATGAACTATCGCTCTTCTGGGCATTATCTGCTTTGACGTGGGATGGCGAAGCAATCCCTGGCGGTTACGCAACCAAAGCATGGGCCTTCATGACATTGTCCGGAAAAAttaattaaccacacatggca 
120303_snu_130mer 614 CGATGAACTATCGCTCTTCTCTGAATCCGAGAGCAAAGTTTCGTCGCAACCGGAGCTCTCTCTTCATCTTCGAGCCGACGACCGACTTTTGCTTTTCTCATTGGTTGGATttaattaaccacacatggca 
120303_snu_130mer 615 CGATGAACTATCGCTCTTCTGAGTGGCAATCACTTTAACCCCAGGGCTGTTCCCCTACATCTAAGATGCTTACAAGTAGCGCTCGAAACTTTATTTCTACAATATCTAAAttaattaaccacacatggca 
120303_snu_130mer 616 CGATGAACTATCGCTCTTCTTGGTCTGTCGATGCTTTCAACCATAATTGAACCCGTTAGAGGACACTCGGCCGCAATCAAACCGTCGAGTTCAGCGCGCAAGAGGTTGCGttaattaaccacacatggca 
120303_snu_130mer 617 CGATGAACTATCGCTCTTCTCGGAGTCATCTTTAGTTCGTGTTCAACCTCGGACACTCGCGAACGTTGCTTGTCGTTCAGATATGGCATAACCTCGCGTTTTAAAGCACTttaattaaccacacatggca 
120303_snu_130mer 618 CGATGAACTATCGCTCTTCTGGAAGGAAAGACATAGAATGGTTCCCCAGAAGTCACTACAGGCTTATTCGTGAACGCGCAACGAGCATCAGCCTTCACTTGCATGTGATGttaattaaccacacatggca 
120303_snu_130mer 619 CGATGAACTATCGCTCTTCTATCTTGCCGGAGAGCATCACACGTCCTATCACACTCATTCATCTCTCTCAGAAAGCCATCAATCTTTGTAGAATAAGATGTCAAAGCCTCttaattaaccacacatggca 
120303_snu_130mer 620 CGATGAACTATCGCTCTTCTTTGATCGATTTGCGCAAAGTCAGGGCTGGTTAATGCACATAGTGAGAAAGATATTTGCTAAACGAACACAACGACATTGCAGTTATCCACttaattaaccacacatggca 
120303_snu_130mer 621 CGATGAACTATCGCTCTTCTGTCTTCTATTGAAATGACGTCCGGGCCACAATCACGAAGCACTGACACAACACGAGATACAACATCTTTCCCGCCCCTGCTACTGCCATCttaattaaccacacatggca 
120303_snu_130mer 622 CGATGAACTATCGCTCTTCTAATCATTAACCATAAGCCTTTTCTTTCTTCTAGTTCAGTGCTTTCCTGTGCAATTTCACGAGCGAGGGAGGGGTCTACTTTAAGAGCAAGttaattaaccacacatggca 
120303_snu_130mer 623 CGATGAACTATCGCTCTTCTCATACCTAATCCCAAGTAAAGCTTGATTGCTGATCGAAAGTGCCGGCCAGTTCCCAAAATTGTCCTAAGCGCGTAGGACAGGTCCAGAGCttaattaaccacacatggca 
120303_snu_130mer 624 CGATGAACTATCGCTCTTCTCGCCGCAACAGGAGGCGTCCATTCTCCCGAAAGGAAGCCCTTGGTTGTGGCTTCAATCACGGCCGCCGATGATGCAACGTGTGAGGAAAGttaattaaccacacatggca 
120303_snu_130mer 625 CGATGAACTATCGCTCTTCTCTCGTCCTCGAAGTTTGAGTACAAAGAAATCAAATAATTATAAACAGCCGTACTCTGGCAACCTTGGCTGATTACTCCTTCCAAGTAATTttaattaaccacacatggca 
120303_snu_130mer 626 CGATGAACTATCGCTCTTCTATCCACGAAAGACGGTGCTTGATTGCTATTGGTATTGCTTCGAGTTTCAAGGCCGTCGTTCGAAGTCTTCGATCCCATACTGACATCGTGttaattaaccacacatggca 
120303_snu_130mer 627 CGATGAACTATCGCTCTTCTGGAAGGGTCCAGAGATCCCTGGCTCTTGGCCGCTTCCAAGCCTTTTTTAGTCCGTGCCAATTCACTGCGGAGTTTTTCGTAGCGCATGATttaattaaccacacatggca 
120303_snu_130mer 628 CGATGAACTATCGCTCTTCTAGGGTTCAGGCCCGCTGGATAGAGAGCGAGAAAGCTCTCCGTCGCCGCGCTGGGCGCCTGGGCCATAAAAATCGAAGCGTGTTTGTAGTAttaattaaccacacatggca 
120303_snu_130mer 629 CGATGAACTATCGCTCTTCTAAATGGAGCCTCGTTCAAGATTTTCAACGCAGCACAGGCTCCACTCTGTAAAGAAAAGGGAAAATGAATGACTTGTCAGCTGATTCAGTAttaattaaccacacatggca 
120303_snu_130mer 630 CGATGAACTATCGCTCTTCTAGTACATCAGCAAAACAAACATACATTGTCTTTAGAACCAATGCTTAGCGCTGCATTGACGGCGGTGGCAATGTCACCACTCCTCGTTGCttaattaaccacacatggca 
120303_snu_130mer 631 CGATGAACTATCGCTCTTCTAGCCTCCACATCGTGAGACGTAAGAATTTTCATTATCGTTTTCGCATCCATATTGTCGACGTTGGCGTCCAGAAATTGTGACAACAGAGCttaattaaccacacatggca 
120303_snu_130mer 632 CGATGAACTATCGCTCTTCTCTCCGAATCTGCTCCGCTACTAGACAAAGCTTGCAAAGACGGCTCACTGCGCTCGTGTAGATAAAGCTCAGCAAGCCAGGCACCAATCATttaattaaccacacatggca 
120303_snu_130mer 633 CGATGAACTATCGCTCTTCTCTCGTTCATCTTTCCAATCCTCATATTGTCGACCAAGTACGTAATGAGAGGAAGATTGCTTGATTCCAAACTAGCGCGGGCTTTCCAAGAttaattaaccacacatggca 
120303_snu_130mer 634 CGATGAACTATCGCTCTTCTATCATCGATGCCCAACTTGGGCAGAGCAAGACGAATGGCGGTGTCGGCGAATGGCTCGATATAGGAAGGGCACTGCGCCAGGTACTTGGCttaattaaccacacatggca 
120303_snu_130mer 635 CGATGAACTATCGCTCTTCTCTGCGACAAGTGGTACTCGGCGCGAACAGCAGTCACTACGGCCTTTTGCGCCGAGTTGGTGCACAACGCCTTGGCCTGTTCAAACAATGCttaattaaccacacatggca 
120303_snu_130mer 636 CGATGAACTATCGCTCTTCTATCCGACAAAACCGAAGTGGATCGATTGACAGTGTCCTTGCGCTGATTCTGGCGGTCGCCGGAAGACAAACCTATTGCAGTCGCTGTGGAttaattaaccacacatggca 
120303_snu_130mer 637 CGATGAACTATCGCTCTTCTTTGTAACGTGAATTTCCACACGTCCCGGTCTTCTTGGCTCGACGAAATGTGTACGAGCGATCGAGCTTTACGAAGCCAGACTTGATCGGGttaattaaccacacatggca 
120303_snu_130mer 638 CGATGAACTATCGCTCTTCTTAGGGATCCAAGTCCGAGTGCACTCTCGTTCGTTGAAGAGTTACTGTTGTTGTCGAGATCGACGCGTTCCTTTTGAATAACCTTTTGTGCttaattaaccacacatggca 
120303_snu_130mer 639 CGATGAACTATCGCTCTTCTAACCTCATTGGCTTCCGTTAGCAACACCCAGTGATGTGGTGTCACGGCAAGCGATACGCACGGTACAATTCCTTCGGAGTAACTCAACAAttaattaaccacacatggca 
120303_snu_130mer 640 CGATGAACTATCGCTCTTCTGCTACTGCCACCAGCCAATACGCTCGGACTGCTCAAAGTGCGATCTACCGTACCGTAATATATCCCCGTTGCCGTTCGCATAGCAAATTGttaattaaccacacatggca 
 
 ９４ 
120303_snu_130mer 641 CGATGAACTATCGCTCTTCTATCGGCAAATTCTATTGAGCCAGGCAATTCCGTCAAGGACGTATGGACTTGATCAGCCAAGACCATTGGAAAACTAGAACTGTGTGGGGAttaattaaccacacatggca 
120303_snu_130mer 642 CGATGAACTATCGCTCTTCTCGTGCGTTGATGTCGACCCGACGTGGCAACGAGGATGAGCAATCCAGTGCGCAGGCGTTCGACGTAAATACCCGAGACGGCCGCTGCACTttaattaaccacacatggca 
120303_snu_130mer 643 CGATGAACTATCGCTCTTCTGGAAAGCTTGTGCAACAAAATCGGCATTCGGGAGTTGAGGATCTTGTCCTCGGACGATTCCTCGCGTTGTGGCGATACGACGGCATACTCttaattaaccacacatggca 
120303_snu_130mer 644 CGATGAACTATCGCTCTTCTAGTGCCCAGCAAAATGGGTTTGGAGGAACCTTCCGTACCTTTATCTTTGTCCCATGCCACGGCTGTCACATATGTATCCTGTGAGAGTCCttaattaaccacacatggca 
120303_snu_130mer 645 CGATGAACTATCGCTCTTCTTGACGTGTCGTCCCGTCGATGCGCAACCGCAGTTGCAGCAATGCCGGTCAAGAACGAAACTGGATCAACAGGACTGCCGTCAACAGCCGGttaattaaccacacatggca 
120303_snu_130mer 646 CGATGAACTATCGCTCTTCTCCGAACGGCACGTTTGGGCGTGGCATTGGAATGAATGTAATAGAGCTCACCGTTGGCAGCACTCAAGAGGGTATGGGAAGCCGTAGGATCttaattaaccacacatggca 
120303_snu_130mer 647 CGATGAACTATCGCTCTTCTACGGCCATCTCCACGAGCGGGCGGAGGCAGCGCTATCCACTGATCCGCAAGACCCCCACCGCGACGGACGTTCCACCGTGATACGAGACGttaattaaccacacatggca 
120303_snu_130mer 648 CGATGAACTATCGCTCTTCTCGACTGTCCGGGGCACTCGAGTGCCGCAACGATCCATCCGTTGGCAGCGGCCACACAATGGGGACGCGGCGGACGCAGAGGGAGGGACCCttaattaaccacacatggca 
120303_snu_130mer 649 CGATGAACTATCGCTCTTCTGACGGTGCGGTCCTCTAGCGTGTCTGACCCTTTCGCCTCATTCCCCTGCGATGTATTGAGTACGCGGCTCATAAAGCCACCTATACCGTAttaattaaccacacatggca 
120303_snu_130mer 650 CGATGAACTATCGCTCTTCTTTCATCAGTGGACGTATCTGTGCTTCCGCTTCCAAATCTTCGCCCCGCCGACGACTTAGTAGTAGTCCCGCTGCCAGTACCGGTAGGATTttaattaaccacacatggca 
120303_snu_130mer 651 CGATGAACTATCGCTCTTCTGGAATGCAAGCCCAGCTGTTGTCCGGCTTGCTGACTGGCTTTGACTAGCTTTTGGTAATTCGATAGCGACAGCGCGGCTGGAATAGGCCAttaattaaccacacatggca 
120303_snu_130mer 652 CGATGAACTATCGCTCTTCTCCAGATTGGGGGTTCGTCCGTCAAAGACGCCGCAGGAAGTGTACTAGGGGCTCGGCGAGCCCGTCGACTACGAGAAGGATGAGGATCCTCttaattaaccacacatggca 
120303_snu_130mer 653 CGATGAACTATCGCTCTTCTTCCCATCACAGAGCTCATGTTGAACAAGTCTGAGATGCCACGAACAGAGTCACTTGAAATCGCGCCAAGCTTGAAATATAGAGCTTTATAttaattaaccacacatggca 
120303_snu_130mer 654 CGATGAACTATCGCTCTTCTGCTTCGAGGACAAACTTTTACTTCCGTCTCACCGCGGTCGCGCACTTGGGTACCGTAGTTGTCGTCAAGGCGATGCCATGTGCATCGACAttaattaaccacacatggca 
120303_snu_130mer 655 CGATGAACTATCGCTCTTCTTAGCAGATGCCGTGCCGTGGTTGCTGTTTCTCGAGAAAACAATGTCGTTGCCATTTGAGCCCTAAACAAATTTTAAGGGAAGGGTTTAGGttaattaaccacacatggca 
120303_snu_130mer 656 CGATGAACTATCGCTCTTCTGACCCGGAAAGAGGACAGACGTCCCTATCCAGAATACCTTCTCTGTCAGGAAAGCGATTGTGAACCGATTCACATAATCGTCTCTTTCTCttaattaaccacacatggca 
120303_snu_130mer 657 CGATGAACTATCGCTCTTCTTGCTACCTAGCTAGGTCTAAAGGTCAGAAACGATGCAGCGCCTATAGTGAGCCGCTAGTAGACGCCACGAACGTTCCAATTGGGTCGGACttaattaaccacacatggca 
120303_snu_130mer 658 CGATGAACTATCGCTCTTCTCATAAATGAGTTCGTCGACAAGCGGGACGTTCGCCGTTCGTCACGTCGAGAAACGCCGAATCAGCACTTGTCGGTTTGCCGACCGGGTGGttaattaaccacacatggca 
120303_snu_130mer 659 CGATGAACTATCGCTCTTCTGCTACCGTCAGCTTGTCCCCAGCGAATACCGTCAAGCACAACAAGCCTGCCTCGCCACGTTCGTGGCGCATGAAGCTGATTCCGATCGACttaattaaccacacatggca 
120303_snu_130mer 660 CGATGAACTATCGCTCTTCTGAGTGGGTACCAAATTTTTGACCGAAGCTGTACTAGAATCAGAGCAACGCGACAACTCTGTATACGGAACGCGTGTTCGAGATTGCCACGttaattaaccacacatggca 
120303_snu_130mer 661 CGATGAACTATCGCTCTTCTGTGCTCTTTTGCGATATCTGGCACTGGAAATAGAAACATTGGTCGCTCCATCCGACACGGAACCGTCGAATGCCGAACTACAGCCTCCCGttaattaaccacacatggca 
120303_snu_130mer 662 CGATGAACTATCGCTCTTCTGCCGTGCTCTTGGTACCACCAATCCGCTATTTCGGATCCGCCACGGAATAACGTTGCACATGTACACATCATCTGCTCCCTGTGGCAACGttaattaaccacacatggca 
120303_snu_130mer 663 CGATGAACTATCGCTCTTCTCTACATTTCAGCGTGAAGTCTTTCGCGACTTGCCTCCCGAACAGTGGCCTTCCGAACCGCATCCTCCAATGCCCGGCCACGCCATTCCATttaattaaccacacatggca 
120303_snu_130mer 664 CGATGAACTATCGCTCTTCTTCGTCAAACACGACGCCACTGCTGCAATTGGTCGACCTAGTTTGACAATTGATCCGTCAACCTCCGCGTCGGTATTGGTGGAAAGCGGTAttaattaaccacacatggca 
120303_snu_130mer 665 CGATGAACTATCGCTCTTCTAGCTGGAGACGAATCGCTCGGCATCATCAGGCAAAGGCTGGCCAGCCCAAACCACGACCGATTGGTGTCCACCCGGAACCTCCACCGTTTttaattaaccacacatggca 
120303_snu_130mer 666 CGATGAACTATCGCTCTTCTTCCACACTTGCTCGGACAAGCTTCTGCGCTGGAACTTACTTGGTCTCCAAGGCTCACTAATGTCTTCTTACCTGTCAGCCCCGGTGTTTGttaattaaccacacatggca 
120303_snu_130mer 667 CGATGAACTATCGCTCTTCTGTCGCAAGTTAAGCAATGTCTGTTGTAGGCGTGCCGTTTGCTGTCGGGCTGTGACCAAGACATCGCAGCGAAAACCGTCAAACTCTCCCAttaattaaccacacatggca 
120303_snu_130mer 668 CGATGAACTATCGCTCTTCTATCCGGCTATTCTGGGAACGGCCGTGTACTTGGACGAAACTGGCATTGTCGACATGGCCTCATCTCGACAAGCGGAAGGCCAAGATGTCCttaattaaccacacatggca 
120303_snu_130mer 669 CGATGAACTATCGCTCTTCTGTTGGGTTTGGTGTGCTTCAGGAATGACCGCAGTCGAATGTTTGGACGGCAGTACCGGTTTTCTGTGGCCAGAGGATACAACGGATTGCCttaattaaccacacatggca 
120303_snu_130mer 670 CGATGAACTATCGCTCTTCTGACAACGAACGACTTCACTCGTATGCACTTTGGTCCTGACCGAGCTCCTTGTACAATTACGTGGGCGCACCTCTTCAGACGCACTGGGGAttaattaaccacacatggca 
120303_snu_130mer 671 CGATGAACTATCGCTCTTCTAGTCACTCCCGGACCTCCTGGCGCTGAAGCAACGAGTCTCACCAAGACACGAACAAACGAAACAGAATTTACTTTCCAGGCATCCGCTCTttaattaaccacacatggca 
 
 ９５ 
120303_snu_130mer 672 CGATGAACTATCGCTCTTCTGAGGGTCCCGATGCACAACATAATTCGCTAATGTAAAAGGTCGATTTTTTTTTGAAATCTTTGTACTATTCAACTCCCTCTACGCTTTGTttaattaaccacacatggca 
120303_snu_130mer 673 CGATGAACTATCGCTCTTCTACCCAACATATCACCCGACTGAACTTCGATGAGATCGTACATGCGTCCTTCCGAGGGAGGGGCACCTGGACCGGAGCTGAATAGACACTTttaattaaccacacatggca 
120303_snu_130mer 674 CGATGAACTATCGCTCTTCTGAATTCGTCGTCGTCAATCTTGATATCTTCCACGTCACCCCCCTTGGCGTTCAAGTCCTTGATATCGGACTCGAGCAAGGACGTGAGATGttaattaaccacacatggca 
120303_snu_130mer 675 CGATGAACTATCGCTCTTCTGCGCGAGCGACGCCCACCCTTGCGAAAGTCGCCGCCGGCAATGGTCATGCGTTCCAGTTTCTTTTTCGATATTTGTTTTTCCATCATTTCttaattaaccacacatggca 
120303_snu_130mer 676 CGATGAACTATCGCTCTTCTGGTCAAGAGACGGTAAACGGCCACGGGCAAGTCCTGGCCGAGACGATGCGCGCGGTCCATGGCTTGACTATCCGCGTGCGGGTTCCAGTCttaattaaccacacatggca 
120303_snu_130mer 677 CGATGAACTATCGCTCTTCTCGTATCGGCGCTGGTCAAGTTAATTCCCAAACCACCGGCGCGGGTGCTCAGTAAAAAGACAAAGTGACGGTCGTCGGCCTTGCTACGACGttaattaaccacacatggca 
120303_snu_130mer 678 CGATGAACTATCGCTCTTCTCTTTTCCGCATTGAATTGATCCATCTGTCGCTGACGCTCGTCAATATTGGTGGAACCGTCGATCCGGCAAAAATTCCAGTTTCGGAAGAGttaattaaccacacatggca 
120303_snu_130mer 679 CGATGAACTATCGCTCTTCTGTTCAAGACGCTCGTCATTTGACTAAAGATGAGGACTTGGTGGCCGTCCCGATACAGACGACTCAACATGCGATCGAGCAGGGCGAACTTttaattaaccacacatggca 
120303_snu_130mer 680 CGATGAACTATCGCTCTTCTCAATTGCGGATGGGCCGTGCCCAAATGGACGCCGCTGGCGGGATCGATCGGTTCCCCGAACAAAAACGGGTGGTTGATGTTCTTACGATGttaattaaccacacatggca 
120303_snu_130mer 681 CGATGAACTATCGCTCTTCTCTGACTCAGAGTCCGACCATTTTCAATGCCCTGCGCAATCAGGGTATCCCGCAGCGTGCCCTTGTCAATCAAGTCGGCGTAGCCGGCTTGttaattaaccacacatggca 
120303_snu_130mer 682 CGATGAACTATCGCTCTTCTGTATACAATGACTTCCTTTTTGGGCGGCATTTCGGAAAGGACGTCCAACTTGATGCGGCGGAGCAAAAAGGGGCGGAGGATTTCGTGCAAttaattaaccacacatggca 
120303_snu_130mer 683 CGATGAACTATCGCTCTTCTCTTGCGCTCCTCAATAATGATGGAGGTTTCGTCGGTGCCGCCGCGTGTCTTTTGTCCGATATCCTTGAAACCGAACCAGGACTGAAAGACttaattaaccacacatggca 
120303_snu_130mer 684 CGATGAACTATCGCTCTTCTTTGCGGATTCACAAAGTTGAGCAAACTCCAGAGTTCATCCAGGGTATTCTGAATGGGTGTCCCGGTCAACAAAAGGCGGTTGGCGGCTTTttaattaaccacacatggca 
120303_snu_130mer 685 CGATGAACTATCGCTCTTCTAAGCAGTGTACAGCGGTGATTTTTCAAACGATGTCCTTCATCGACAATAAGATAGGTGAACTCGGTGAGTTTTTCTAGTTTGGCTTGATCttaattaaccacacatggca 
120303_snu_130mer 686 CGATGAACTATCGCTCTTCTGGAGGTGACGATAAAGGGAAAGTTGGGACTCCGTCTTAGTTTGGGATTGAGTGGTCCTTTGAGCATGGCTTCCCGTTCCGGTGCGGTGCCttaattaaccacacatggca 
120303_snu_130mer 687 CGATGAACTATCGCTCTTCTATGTTGGGGCAACCACTTTTCGAATTCGCGCACCCAATTGGGCAAGGTTGCCAAGGGTGCGACAACGAGGAAGGGTCCCGATACGCCCTGttaattaaccacacatggca 
120303_snu_130mer 688 CGATGAACTATCGCTCTTCTGAGTGCTACGCACTGAATGGTCTTGCCGAGTCCCATTTCGTCGGCCAGTATCCCGGAAACCCCGTTTTCGTAGAGTGAGGCCAACCAGCGttaattaaccacacatggca 
120303_snu_130mer 689 CGATGAACTATCGCTCTTCTATCCTTGAGGATGCAACCGTCGGCCAGATTCTTGGGCTGCACGAATATGGGCTTACTGCCCTGGCGGAGTCGCGTGTCTTGGTCCTGCGCttaattaaccacacatggca 
120303_snu_130mer 690 CGATGAACTATCGCTCTTCTTGCGGTCTTGGTCTTTTTGGCGGTACCGCCGTTGGTGTCGGTCTTGCGTTTCTTGGTCTTCTGGTGGGCCTTCTGGAGCGCACGCTGTGCttaattaaccacacatggca 
120303_snu_130mer 691 CGATGAACTATCGCTCTTCTCTGCAGCTCATCCAAATCATTGGCGATGAACTGCGAATACTCGGACGCTTTGGACAGCAGGAAATCCAATTGGTTTTCCTGATTGTGATAttaattaaccacacatggca 
120303_snu_130mer 692 CGATGAACTATCGCTCTTCTGGGTGGGTGAGGGTCGAGTACGTCCAACGACACACACACACACACACATGCATACACACACACATATCACTCTACACACACACGCATATAttaattaaccacacatggca 
120303_snu_130mer 693 CGATGAACTATCGCTCTTCTCACAAACATTACAAACGTACCCTCGCGTGATAATGCGGTTCCTTGACGGGCGCCTCCGCCGCGACGGCCGCATCCGATTCCGACGACACAttaattaaccacacatggca 
120303_snu_130mer 694 CGATGAACTATCGCTCTTCTCTTCTTCGGAATCACTGGCTTGGACTTGTCCCGCCACGAGCGCCGCTCGCAAGAGCTGGGGCGCGGCGGTGATTTCCCGGGGTTGATCGTttaattaaccacacatggca 
120303_snu_130mer 695 CGATGAACTATCGCTCTTCTGGTGCGTTTGTTCTGCCTGCGCGTGTTCCAAATCCCGCAACAAGCATTCTTCCTCGTCGGCGTCTTCCGGCACCGAGTCCGGATCGTCGGttaattaaccacacatggca 
120303_snu_130mer 696 CGATGAACTATCGCTCTTCTGTTCCGACGCCGCGGAATGGAACGGCGATTCCGGCAGGCCCGGTGGGACGTCCGATACCAGACTCATGGCGCAATTGATCACGGAACAAAttaattaaccacacatggca 
120303_snu_130mer 697 CGATGAACTATCGCTCTTCTTGGCAGTAGCGTAAGAGCTTGATGGGTTGGTAGCCTACAGTTACTTACGACTCGGTAGGATGACGGGTACGTAGGTAGGTAGGTAGGTAGttaattaaccacacatggca 
120303_snu_130mer 698 CGATGAACTATCGCTCTTCTAAAGAGAAGAGACGGTACGGAAACAGCCGGAACGCCCGAGGCCCCGTTGCGGTGTACGCGTGGTGGAATGGAATGGATTGCCAGGGAAAAttaattaaccacacatggca 
120303_snu_130mer 699 CGATGAACTATCGCTCTTCTCCCACTTTACTCCCGTCCGCCGTGGAACACGGACGGGAAACCTCCCGCGTTCGGAGTCGGCCAAAGGTTCCCGCCAAACTCCTGCTCCGCttaattaaccacacatggca 
120303_snu_130mer 700 CGATGAACTATCGCTCTTCTCCGTCTATCGTCAGGTATAGAGGTAGCAGTGAGTACAGCCACCCAGCTTTGTGTTCCGTACGAGAAAACGTCCGGGTCCGTGTCACGGACttaattaaccacacatggca 
120303_snu_130mer 701 CGATGAACTATCGCTCTTCTATGGCCCCGGAAGCATTGCGACAGGTACACACAAGTTACGGAACGAACCAATCCACGGCAACCCATTCATTCATTCTCCCTGTACCGACAttaattaaccacacatggca 
120303_snu_130mer 702 CGATGAACTATCGCTCTTCTCGTCTCGTCGGTGTGCGGTGAGACTTTACTCACGCTCCTCCGTTCCGGTGATCGACCATCGACCCTTCGTTTCACACACACTCACACACAttaattaaccacacatggca 
 
 ９６ 
120303_snu_130mer 703 CGATGAACTATCGCTCTTCTACGCTCCACGCTCCCGTCCACGTCGGCCGTTCCGACGTTGGCTGGTCCTCGGTGTGACCATCCTTTCCTACTCCGGGATGTTCGTGCGAGttaattaaccacacatggca 
120303_snu_130mer 704 CGATGAACTATCGCTCTTCTAACAATCGCTGTCCGGCGACGTCCTCCGGGACGGACCGGCGTACTGGCAACGCGGTCGGGATCATTTCCGGGACGGCCGCTACGACGACGttaattaaccacacatggca 
120303_snu_130mer 705 CGATGAACTATCGCTCTTCTAGGCCGTACTCTTGCACACGCAGACACCACCCGCACAAACGTACGATGTACAGGACGTCTTTCGGTTGTTCCTGCAGTGCTACGTGGTGCttaattaaccacacatggca 
120303_snu_130mer 706 CGATGAACTATCGCTCTTCTGATTGGCTTTCGTGGCGGGAGAATCCTTCCGCCGGGGACAGGACGACATGGGACGACTCTACCTGCAACAGGCACTCGGCATGGACCCACttaattaaccacacatggca 
120303_snu_130mer 707 CGATGAACTATCGCTCTTCTTCGTCCAAGCCGAATTCGGCGACGCCGTGGACCAGTCGTTGTCGGCGTCGACAACGGCACCCACGTCGCACGACAACCCCTTTCCGGGACttaattaaccacacatggca 
120303_snu_130mer 708 CGATGAACTATCGCTCTTCTACGAAGTCGCCAGTCGCCAATTTTCCGACAAGAACTACGAAGCCTGTGCCGACGTATTCGAACTGTCCTGCCAGCAATCGGGACGGAAAAttaattaaccacacatggca 
120303_snu_130mer 709 CGATGAACTATCGCTCTTCTACGCCGTATACTGTCGAAACATGTTGACGGATTGGGGATTCAACGGCACACAGTTTGACCGGGACATGCAGACCATTGCGACGCTCGTCCttaattaaccacacatggca 
120303_snu_130mer 710 CGATGAACTATCGCTCTTCTACCGATTCCGACACGAAACCGACGCGAACCAGTTCGTGTGGCAGCGGGCGACGTCGCCCCATCCCCACATGATGCTCGGTTACCCGGTAGttaattaaccacacatggca 
120303_snu_130mer 711 CGATGAACTATCGCTCTTCTACGTCGCCGAGTCCGCGGCCTACTTGGACGAACAAATGGCACGCCTCGCCCACACCGCACCCACCGAGACCGCGTTGCCCTCTCTCCCGCttaattaaccacacatggca 
120303_snu_130mer 712 CGATGAACTATCGCTCTTCTTCCACGACGATCGCCAACGGTTTGCTGACGAACGCGCGGCGGATCCTCACGCCAAAATACGTGTCGGCTTTGTCGGATCCGGCTTCAACTttaattaaccacacatggca 
120303_snu_130mer 713 CGATGAACTATCGCTCTTCTTGTCCCAAGATATGTTTCGATTCTTCGGTCGCGAGTTCGAAATTCACGTCTTTTCCTTTGGTCCACGGGACCATCCCATGTTCATTGAGCttaattaaccacacatggca 
120303_snu_130mer 714 CGATGAACTATCGCTCTTCTATTGGCGAGAGCGTGTCAAGTCCAACGTTCACTTCTTTCACGATTGCCAAGCCATGAAGCTGGATCACATCAAAGCCGCACGCTTCATTCttaattaaccacacatggca 
120303_snu_130mer 715 CGATGAACTATCGCTCTTCTTACTCATCGAATGGGACGGATACGCACGTCAGGGCGAACGAGCGCAAGGTCTCTTTGCTCTACGACCAGCCCCGATTCAGATCCTCCATCttaattaaccacacatggca 
120303_snu_130mer 716 CGATGAACTATCGCTCTTCTGTGGGGCGCTCTACGTGGACTACCTCTTTACCGATCAAGTGTCGTCACCGCCATCCCTACAGCACCTGTACACGGAAAAACTCATCTATTttaattaaccacacatggca 
120303_snu_130mer 717 CGATGAACTATCGCTCTTCTGCAAAGGCCACGCCTACCAAAAGGAAGTCCGCGAGCCACGGTACGAATACCAACCCGTGACTCGTCCCCATCAGTTGGGGACGGGCTCTCttaattaaccacacatggca 
120303_snu_130mer 718 CGATGAACTATCGCTCTTCTTCGCTCCGCCCGACGTGGGACCCACCGACGTTGCGTTTGTCTATTGCAACTTCAACAAATTTCTCAAAAACAACCCCGAAACGGTCCGCGttaattaaccacacatggca 
120303_snu_130mer 719 CGATGAACTATCGCTCTTCTGGCAGGTCCCCGATTCGATCCTGTGCCTTCTGGACAACCCCCGCGACGGTATCCCCTACCTCCACAAATTCATTCACGAAGCCGCCGGCAttaattaaccacacatggca 
120303_snu_130mer 720 CGATGAACTATCGCTCTTCTCGGATTCCTTCCAACCGGGCGACGGGGACGACTTGGTAAACCGCGTACACTTTCTCCCCTGGGAGCCCAATCCCTTCGATCACCAGCAGCttaattaaccacacatggca 
120303_snu_130mer 721 CGATGAACTATCGCTCTTCTACGCCATGTTGGATTCACACCCCTACAACGGCCACACGGTGGCGCAGGATGCCCTGTACGCGGGTGTCCCGATCGTAACCCGCAGCGACGttaattaaccacacatggca 
120303_snu_130mer 722 CGATGAACTATCGCTCTTCTGGGTCACGACGTCCGCCAATCTGGTCCTGGGCTTGTCGCATTTGAACGCCGTACACGGTCCGGCGCAGTACGTGGCGATTGCCGTGGCGTttaattaaccacacatggca 
120303_snu_130mer 723 CGATGAACTATCGCTCTTCTTGTTTCGGGAAACCCGGGAGCGGTTGATCGGTACGGCACTCCAGCGGAATCCCATGCACCCGTACTGGGATGTGGCTCGGTACGTACTGAttaattaaccacacatggca 
120303_snu_130mer 724 CGATGAACTATCGCTCTTCTGCGTGGTTTGGGAACGTTTTCTTCGAGGCCAAGCGCCGGATCACGTGGTCGTGGAGGAAACGGCGGACGCCGCGCGGGGTACGTACGACGttaattaaccacacatggca 
120303_snu_130mer 725 CGATGAACTATCGCTCTTCTCACCGCAAGGCAACCGGGCACGCCGTGAGCGGGCAGCGAACGATGAACTGTAGTTGACGCGACAATGATCCGCACCCATCGTTACGACGAttaattaaccacacatggca 
120303_snu_130mer 726 CGATGAACTATCGCTCTTCTTGTTACGTTACCAACCACGTTTTGGTTTTGTGCGTTTCATCGCCGTGTGAAAGTGGTGGCACAAAAACAAGGGTTTTACCGACCCTGGTGttaattaaccacacatggca 
120303_snu_130mer 727 CGATGAACTATCGCTCTTCTATAGAAAGGTTTTTATTTTATAAACGACGCCTGTTGTAATGATTTGTTTAAACTAGATATGGTTGGTAGTTGTTATTTTCGAATGAATTGttaattaaccacacatggca 
120303_snu_130mer 728 CGATGAACTATCGCTCTTCTGAGGCCATGCAAACAGTAAAACGACAAGAAAGTCACGACGGTGAAACACCTGCCAACAAGAAAAACAAGACGACGTGAGAGCGTCCATTTttaattaaccacacatggca 
120303_snu_130mer 729 CGATGAACTATCGCTCTTCTAGGCCCACGGTGTAGGAAGGGTCTTTCTCGAATCGCGCCCACGCTCGTTAGCTCCTCAACGATTGTTGGAAAGTGTCGGCCACCACCACGttaattaaccacacatggca 
120303_snu_130mer 730 CGATGAACTATCGCTCTTCTATTGCATCGACATCACGGGAGCACACGCGCGTGGACAAAGGAACGGCAAAAAGCGTCGCGTGGTTTACAGTTACTTACACAATGATAGTGttaattaaccacacatggca 
120303_snu_130mer 731 CGATGAACTATCGCTCTTCTAAGGATGGTGATGTTGGGTGGGGAGACGAAAAACAACAATGGCGTGTGGGTGGTGGGTTTACTGGACTGGATCCCGTTTTACGAAGTTTCttaattaaccacacatggca 
120303_snu_130mer 732 CGATGAACTATCGCTCTTCTGGGGCAATCACGTGAAATGTGTCCGTCCCCTCCACAGTTGTAACAGGCTTTGTTCCCGGCGGGCTTGGTGCACTCCGCCGAGATGTGTCCttaattaaccacacatggca 
120303_snu_130mer 733 CGATGAACTATCGCTCTTCTGCAACGGCGGTACTGCGATCGCGACTTGTTGATGACGGCACGTTCTTCCCCTTCCAAACGGGGGTTGGGACACTCACGCGAAATGTGTCCttaattaaccacacatggca 
 
 ９７ 
120303_snu_130mer 734 CGATGAACTATCGCTCTTCTACAGGTCTTGTCGCCGGGTGCGGTTCCTCCCCCGCCTCCGCGGCGACGGAATCCCCGGCCTCCCGTGGGGGCCGCGCCTGGCGGCGGCGAttaattaaccacacatggca 
120303_snu_130mer 735 CGATGAACTATCGCTCTTCTGACAACGGCGGCTTCCGACATGAGTGCGATGCGATGCGAGTCGGAGGGGCGATGACAATGTCTGGCCTGCGGCAAAAGATGAGAACACGAttaattaaccacacatggca 
120303_snu_130mer 736 CGATGAACTATCGCTCTTCTGGAGTATGGAAAGGAACCCTCCACGCGATCGCCGACCGAGCCAACTTTGTGTCGCAGGTTCTCGCGCAGCGGTCTACATGACGTCGGTTGttaattaaccacacatggca 
120303_snu_130mer 737 CGATGAACTATCGCTCTTCTGCGAGAACCCTGTGTCAACCATGGTGAAAGCGAGGCGCCCCCTACCACACGATAATTCATACCGTGCGGGGCCCGGTGTGTTCGTTCCATttaattaaccacacatggca 
120303_snu_130mer 738 CGATGAACTATCGCTCTTCTTGATCAAGGGAAATACCATAGATCCCGTTACCGAGCAGCACGAAAGTTCGCACACATGTGGTTCCTCTCCTAAGGATCGCACTCTACGCAttaattaaccacacatggca 
120303_snu_130mer 739 CGATGAACTATCGCTCTTCTGGTGCCAGGGGTTCGGGGAGGATCGGGTTGTCACTGCAAATGATCTGCGAGAGACACACAAAACGATGGGTGGGTGTGGTGGGCACGACGttaattaaccacacatggca 
120303_snu_130mer 740 CGATGAACTATCGCTCTTCTGACACGGTCTTTTTACGTAGAATACCTACGGACATCTTGTGTAGACCTCGTGAGTCTCACTCGCTGTTTTGGGGGAATTCGCTCGTTCCGttaattaaccacacatggca 
120303_snu_130mer 741 CGATGAACTATCGCTCTTCTTGTCAGCACTGTTTGGCTGGTGGCTAGCTGGAAGAGAGCCAATCGAACCACTGGATTTTGATACGGCGATGCCGACTCGCTGGACTATAAttaattaaccacacatggca 
120303_snu_130mer 742 CGATGAACTATCGCTCTTCTACGGAAAGGTGCAACGACTGTGCCGGAAAGATGTTCCGGTTCGGTTGACGGAGAGACCGATGAGCAAACACCCAAGTGTAGCTCATGACCttaattaaccacacatggca 
120303_snu_130mer 743 CGATGAACTATCGCTCTTCTCGACGCCTTTCCGCATCGCGGAGCTCACAATATCAATAACGCGTTCAAAAGTTGGCACCGAAATCCTTCGCACTGCCCCGACGCTTCTTTttaattaaccacacatggca 
120303_snu_130mer 744 CGATGAACTATCGCTCTTCTACCTCGTACACACACACACACACACATGCCAACAGCGAAAAAGTACAAGCTCTTTGCGGCGGACGGGGCGGACGGCGGGGTGCCTCCGTGttaattaaccacacatggca 
120303_snu_130mer 745 CGATGAACTATCGCTCTTCTGGCGGGTTGTCGCAACGGAGCATCGTGCAAGTTTGCGCACGTACGGCCCACGGAAGCCGCGGTCGAAACGGGTTCCGTCGTCAGTTCCGAttaattaaccacacatggca 
120303_snu_130mer 746 CGATGAACTATCGCTCTTCTGCCCTCGCCCTCGGTACCGATCCCCACCACCAACAACAAGCAAAAGTCAGCCAAAACCAAAGCCAAAACAACCCAGCAAGCGTCGCCCCAttaattaaccacacatggca 
120303_snu_130mer 747 CGATGAACTATCGCTCTTCTCAAAAAGGTCCAGATCCAGATGGATACCGCCCCAACCGACGATTCCCCCTTCCGGCAAAGTCCGCCCAAACCCAAAAAAAATCGTCGCTCttaattaaccacacatggca 
120303_snu_130mer 748 CGATGAACTATCGCTCTTCTCGGTCCGTTCGCCAATCCCAAGAAAAAGGTCAAATCGGACGAATCGCCGGGAGGCCACAAAACCGCTGCCCAAGAACCGACGCCCCCACCttaattaaccacacatggca 
120303_snu_130mer 749 CGATGAACTATCGCTCTTCTGCCGAAGCAGCAGCCCGCCAAAACGGCGGTTGCTGGCTTTGACATTCGGGCTTTGAACTTGCCCGTCGCCTCCTTTACCATGCCTGGAACttaattaaccacacatggca 
120303_snu_130mer 750 CGATGAACTATCGCTCTTCTACCCCCTCAACCCCCCGCTCCCGTCGCCGATGCGGTATCCAACGTCCAGGAGATTCTCCCGACGCACACCACTACGGGCGCCAAATGGATttaattaaccacacatggca 
120303_snu_130mer 751 CGATGAACTATCGCTCTTCTCCGCCAGCATCACAAGTACGCGACCGCGTACGATTTCGTAAAATACAAGGCTTTGGATGCCGAGATTGGATTGGATCCCAGCAGCACTTGttaattaaccacacatggca 
120303_snu_130mer 752 CGATGAACTATCGCTCTTCTCGGCGAGTGGTGCAAAGGATTTCCCCAAGCTATTGCTATTGATTGTGAAATGTGCGAAACGGAAGACCCGGTTTCCGGCAAACATAACGCttaattaaccacacatggca 
120303_snu_130mer 753 CGATGAACTATCGCTCTTCTCTCCATCGTCAATGCAGAAAACGACGAAGTTCTGCTGGACAGTCTGGTGAAGCCATCCTGGCCGGTGGTTGACTACCGCTCCCGTATTAAttaattaaccacacatggca 
120303_snu_130mer 754 CGATGAACTATCGCTCTTCTCTTGAAAGGCGTGCAATTTACTCTGCGTCACACCCAGGCATTTCTGATGGCTCTTTGTAGTCAGGAAACGGTCATTCTTGGACACGCCCTttaattaaccacacatggca 
120303_snu_130mer 755 CGATGAACTATCGCTCTTCTGATGCGCATGGAGCACTATTGCAACGCTGATTCGGCCAATTTATTTTCCGCATCCGACAGCGAACGATCCAGCGTCAGCCTGAAAGACTTttaattaaccacacatggca 
120303_snu_130mer 756 CGATGAACTATCGCTCTTCTAAAGACCATGCCCGACAAGCACGACTCGGTGAACGACGCTAGAACCGCATGGAAAGTCTTGGAACACTGGGTCGAAAAGGACGGCCAAGTttaattaaccacacatggca 
120303_snu_130mer 757 CGATGAACTATCGCTCTTCTTATGTCCGTGAAGCAGACCTTTGCCTCCCAGCTTTTCATTCACCGTATTCCGAAAAATATGTGCGAAGAGTCCCACTTGTCGCGTATGTTttaattaaccacacatggca 
120303_snu_130mer 758 CGATGAACTATCGCTCTTCTTGCGCCGACGGAAGTGGAAGAGATTGAGTTTGCGGGTGAAATGGGCAAAACCCACGTCGTTTTCAAGTCCCCGCAACACGCCAACTTGGCttaattaaccacacatggca 
120303_snu_130mer 759 CGATGAACTATCGCTCTTCTCAAAACCGATACAGATCCGTCGGGACGCCTCCAGAAGAAAGTTTTTCTCCGAAATGGCGGCTACATTCGCGTCCGCAAAATGGCCTTTGAttaattaaccacacatggca 
120303_snu_130mer 760 CGATGAACTATCGCTCTTCTTCCGCCCCGTCGTGCTTTGACGACGTCGGACTAAACACCCAATCTAGCGTTAAAATATTAACCCCCCCCCCCCTTTCATTTTTTCCCACCttaattaaccacacatggca 
120303_snu_130mer 761 CGATGAACTATCGCTCTTCTCTAGAATGACTGCTGAAAGAGACTGGCAATTAGAACCACAGAACCATACTTTGAAGCTTTTAATGTTAGGAGAGGCTGCGGCGGGGTCTTttaattaaccacacatggca 
120303_snu_130mer 762 CGATGAACTATCGCTCTTCTTCTGACTTATAAATCCGCCGGCTTTTTGTCGACGGAAAGAAAAGTCATGTTCGCCGTATTTGCTTTTCATTTGCCTGTACGGTTTCACGAttaattaaccacacatggca 
120303_snu_130mer 763 CGATGAACTATCGCTCTTCTCAACCGCTTAAATTTTAGAATACGAAGCGGGTCAGAGCCAGGTGGCGCGTAGAACGATACTCATGTCAAGGCATTGTTCAAATCTGTAGAttaattaaccacacatggca 
120303_snu_130mer 764 CGATGAACTATCGCTCTTCTTCCCGGCGACTACACAGATATTCCCCCAAAAGAACCATGACAATTGTACCGAGCACATGCATGACCCACCAATCCAAGATTGTAGGGAAGttaattaaccacacatggca 
 
 ９８ 
120303_snu_130mer 765 CGATGAACTATCGCTCTTCTAGTAGCAAATGAAGAAGAAAAAGTGTCACTCCAAAATCAAGGCATTTTTTACTCTTTTCCACAATAACCGCCAGCAGGACGGATCTACACttaattaaccacacatggca 
120303_snu_130mer 766 CGATGAACTATCGCTCTTCTCTATCGCTGTCAGACAACTGAAAAACCGCGTGTCTCACGTCTGTGCTGACTGACGTACCCTACCAGAGACGCCAAAAATAATGCAATGGCttaattaaccacacatggca 
120303_snu_130mer 767 CGATGAACTATCGCTCTTCTCTCCGACTGCCACAACCGCAAGTAGCGGTCGGTGAAAATACGATCAATCGTAACCGTAGTGCCATAAAGAACGTGGTTGACTTGAAAGAAttaattaaccacacatggca 
120303_snu_130mer 768 CGATGAACTATCGCTCTTCTGTGAAAGCATTGGAGCGAAACGATCTGGGCAAATATAAGTTTAGGATAGAAAGGCTGAGCGGGGGGATTGTTGGGTCGATTGCGATTGCCttaattaaccacacatggca 
120303_snu_130mer 769 CGATGAACTATCGCTCTTCTTCCGTTATTGACGCTGCTGCTATTGCTTCGGGGCAACATTTGCTTGTTTCAAATAGTGCAACCCAGCAGAAGAAGAGTGGTTCGGCAGTGttaattaaccacacatggca 
120303_snu_130mer 770 CGATGAACTATCGCTCTTCTAGTTGTTTGGAGTGTCGTGTCGTCACAAGGAAGTCGTGGACTCGTGTTTTCCACTCGCCCCGATACGCAACGGTAGCTTTTCGAGCTAATttaattaaccacacatggca 
120303_snu_130mer 771 CGATGAACTATCGCTCTTCTTTCCCAACCTCGACGTCTCAGTGTTTTTCACTCGCCCCCCCCTTTTGGACAACATCCTCGAGCTCGACCTGCCTCGATAGGACTTCTGCAttaattaaccacacatggca 
120303_snu_130mer 772 CGATGAACTATCGCTCTTCTAGATGCAGAGGAAAGTTGTTTTGTTTACTCGGAAGTTGACTGCAAAAGTGGCCTCCGATGTTTCTACTTTGCAGGTGATATCGTCAGGAGttaattaaccacacatggca 
120303_snu_130mer 773 CGATGAACTATCGCTCTTCTTTGTTGACAGTGAGAGAGCTTGGAATTTTAAGTCAATCCGGGTTCGTTTAGACAAACAAATGTGAATGACCTTGAAAATGAATCTGATAAttaattaaccacacatggca 
120303_snu_130mer 774 CGATGAACTATCGCTCTTCTACGTGGCCATCCAAACGAACTACGAACCAAGACCATGGCTGGGAATAAACATGGTGAAAAGGACAATGAAGACGAAAACCCTACCGTAATttaattaaccacacatggca 
120303_snu_130mer 775 CGATGAACTATCGCTCTTCTGGAAACCGACAAAGCTACAGCATCGAAAAAACTGGAGAAAATACGGATACGGCTCCGCGATTTGCAGACACCAGCAATTTGTACAGGTCTttaattaaccacacatggca 
120303_snu_130mer 776 CGATGAACTATCGCTCTTCTTGTTTCGAGACATGCTAGCAGCGATGCAGAACGTACGCAGTTAGAAATTTTCGACAACGCTACTAAGAAATTTGTTGAAGTACAGCCTCAttaattaaccacacatggca 
120303_snu_130mer 777 CGATGAACTATCGCTCTTCTGGAACGGTTTGGCTCTCGGGTTGTACAAATGCGAATCAGCAGTCCAGAGAGTTGCCGCAATGCCTGCAATACGGACACGCCATTGCTGGCttaattaaccacacatggca 
120303_snu_130mer 778 CGATGAACTATCGCTCTTCTCAATTGGAGCGACGACGGTCTCTTTTCCCTCGGTGGCTCCCGGAACCTCTATATTCGGCAGGAATCATCCCGGCAATGCGACGGGACTGGttaattaaccacacatggca 
120303_snu_130mer 779 CGATGAACTATCGCTCTTCTAGCGCTTCTCTTGGCTCGTTATTTGGAACAGCGGCCCTTCCTCGTCCAGAATAAACATGTTGTCGAATTGGGAGCAGGATGCGGTTTAGTttaattaaccacacatggca 
120303_snu_130mer 780 CGATGAACTATCGCTCTTCTGTTGGGGGCGGCATCAATAATGCTGACGGATCTCGCGTACGTCTTGCCAATCCTCGAGTCGAATCTCGAAAACAATCGATCGGTGCTACAttaattaaccacacatggca 
120303_snu_130mer 781 CGATGAACTATCGCTCTTCTTGCCATGTGCTGCCTTCTGGACTGGTTTCACCCGGAAGCGTTTAAGAAAGCGCAACAGAAGAAATCTATCGATGTTTTGGTCGTCGCAGAttaattaaccacacatggca 
120303_snu_130mer 782 CGATGAACTATCGCTCTTCTTCTGGTGGAACCATTGTTTACTACCATACAGCAAATTGCGGATGCGAACACTCTCATTCTAATATCGTATCAGCAACGAGGAAGGAGTACttaattaaccacacatggca 
120303_snu_130mer 783 CGATGAACTATCGCTCTTCTTTACCTAAGCAAAGCTTTTCATGTTGAAGAGATTTTAGGCTCAGATGTCGGCGTGGAGAAGCCTGGCGTGCTGCATCTCTACCGCTGTCGttaattaaccacacatggca 
120303_snu_130mer 784 CGATGAACTATCGCTCTTCTAGAAGTGTACACAGCCACAAAATTAGGAGCGAATTCAGGCAGCGCTTGTCAAAAAGAAGACTACCAGCAACATTGTTACTAATAGGCACCttaattaaccacacatggca 
120303_snu_130mer 785 CGATGAACTATCGCTCTTCTTGCAATTAATAGCTTGTATCCATCGTCCAGGGGAATATCCCGATTAGCAATGGCTGCACAGATTTTTGGAAAGTCACTCTGAAAGTCAAAttaattaaccacacatggca 
120303_snu_130mer 786 CGATGAACTATCGCTCTTCTCAAAAGGTTAAAGTCGGCCAATCGATCGACCAGAGTCCACCCGTTGGATCCAGCTTGCCTGAGTTGACGTGTCAAGGCATCTTTGTTCGGttaattaaccacacatggca 
120303_snu_130mer 787 CGATGAACTATCGCTCTTCTACGATTTGCCCGCGGAAAATCAGCCACGAAAGTCTCGGATGTGTGTTGTACAATGGGTACCACCGTCAAAAAGAAAGCTGTTTCGACCGTttaattaaccacacatggca 
120303_snu_130mer 788 CGATGAACTATCGCTCTTCTCTGAATAGCGGTAAAGGTTTCGTTTACTTTGCACAATTGAGGATTATCGGGATCGACTTGCAGGGCTTCTTCGGCTACCATCGCCATACAttaattaaccacacatggca 
120303_snu_130mer 789 CGATGAACTATCGCTCTTCTGGCCTCTACCGCAACTTGGCCGTCTAATTTGGGAGCCACGGTCACGGTACAGAAGGGTGTCTCTTCCACGCCTCCAGCGGCCTCCAACTGttaattaaccacacatggca 
120303_snu_130mer 790 CGATGAACTATCGCTCTTCTTGTTTCGGCCGCACTCAAAACGTATCCTTGCCGTGGCGCGTGACCAAAGACCCAACCCACGCGCTGCAAACCGAGCCATTCGGCCAACTGttaattaaccacacatggca 
120303_snu_130mer 791 CGATGAACTATCGCTCTTCTAGGATCGTCCTCCAGCGTAAATCCCTCCGCTGAGTCTGGATTGATCTCTTGGGGCGGCTCGTATATTGCTTCGACCAGTACTTTGGTCGGttaattaaccacacatggca 
120303_snu_130mer 792 CGATGAACTATCGCTCTTCTCTCCTTGACAAATTTTCCGTATAGAAATCCGCAGCGTTTGCGTTGAAATTGAAAGCGTTGCAGGTAGGTCTGGAAATTACTGATCGACGGttaattaaccacacatggca 
120303_snu_130mer 793 CGATGAACTATCGCTCTTCTGGATGTCGTTGCCTTTTCCTGCCTCTGGATCTTAAATTCAAACTGCGAATCGAGCGCAATGAAATCGTTAAGCGTCCAGGACATTTTCATttaattaaccacacatggca 
120303_snu_130mer 794 CGATGAACTATCGCTCTTCTGCCCTTGCGAAATCCTCGGTCTTGCTGCGTCGGTACATCCTTGGTAGGCACAAGCTTAATTCCTCCGTCTTTGTCGATAACGCGACGGAAttaattaaccacacatggca 
120303_snu_130mer 795 CGATGAACTATCGCTCTTCTCGGTTCCACTGTAGCATTCCCTGTCATTGTCGACGGGGACATTTCCGCCGCGGGCGCGGTCCAATCCGCACACGTCGTAGGATCGACCCTttaattaaccacacatggca 
 
 ９９ 
120303_snu_130mer 796 CGATGAACTATCGCTCTTCTATTTTGGTCGAGCCCTTGTGCACGTAACGTCTCAGTCGTCGACAGCGTTTCGTGGCAGGCTGGATCGCGTGCCAAGGGGCGTTCGTACACttaattaaccacacatggca 
120303_snu_130mer 797 CGATGAACTATCGCTCTTCTGGCAATGCCAGCCAAGACGTCCGTGACGGTCGCGGTCTCGGCGTCCAAACCGTCTACGCGCCATACGCCCACGTTGGAACGGACCCGAATttaattaaccacacatggca 
120303_snu_130mer 798 CGATGAACTATCGCTCTTCTATCAAAAAGCTAGAGATACGAAAGGTATAAAATGTGATTGGTACTCGCAGGGTAAGATGTGTTCGTTTGGGAATGCGATCACGAATCGAAttaattaaccacacatggca 
120303_snu_130mer 799 CGATGAACTATCGCTCTTCTTGATGTAAGCTCCTCTGGAGTAATTTACAGTTGCTGTAAATCAGAAAGGGTTCGAGATCGTTGCGTGTGACATCCGAGTCCCATCATTCCttaattaaccacacatggca 
120303_snu_130mer 800 CGATGAACTATCGCTCTTCTTGTCCATCCTCACGAAAGCCAACGAACCAGCCGTAATCAATTCGTTTTTTTAAGAGTATGGAACGTCTGCCAAACTCTCTAGAACGTTGCttaattaaccacacatggca 
120303_snu_130mer 801 CGATGAACTATCGCTCTTCTATACGTGAATTCAGGAGTGACTCGTATTTGTAGATCTATCACAGCGTACACCGTAGGAAGGCTTAGTTTTGAGCAGGTTGACATAGAGAAttaattaaccacacatggca 
120303_snu_130mer 802 CGATGAACTATCGCTCTTCTCAGTCACGTCAAATAGCCTCCGAGACCAATTATAACTGTTCATAGCACAAGGGGCCGGAATCGGTGGTATGGTAGGTGGTCTCTCATGGTttaattaaccacacatggca 
120303_snu_130mer 803 CGATGAACTATCGCTCTTCTAAGCGTTCCAGAATGTCCACAAGATTGATCTTGCTGCCTCTATGCGAAGACGTGCAAGGTTTCCGGGTATTGATACTTTCTCTTGACGAGttaattaaccacacatggca 
120303_snu_130mer 804 CGATGAACTATCGCTCTTCTACTGACTCACAGTGAAAACTGTGGCGAACCAAAACCATCATACGGGCCTCAGCTTCTTGTCCTTTCTATTTCTCCCTTACAGACAAAAAAttaattaaccacacatggca 
120303_snu_130mer 805 CGATGAACTATCGCTCTTCTTGTCATCCTTGGTGTTTCTTGGCTTTGCGACGGCTAGCGTCACAGCGTTTGCGCCTGTGCATTTGTCTCGCCGTTCTGTCGTCTCGGTATttaattaaccacacatggca 
120303_snu_130mer 806 CGATGAACTATCGCTCTTCTGGGGAGGTTTGGCCGCCAGTCCGGAGCTCGATTCGACACCATGCGATACCCCCGACGCCACGGCGGAAGATTTGGTGTCCACAAAAGGATttaattaaccacacatggca 
120303_snu_130mer 807 CGATGAACTATCGCTCTTCTCCGCCAGTCTGACGAATGTCCATGGCGACGTGGTGCGGTTGGGCGACGTGCTGGGTTCGAACGACGCCGCCGCCGCCGCGACATTGGCATttaattaaccacacatggca 
120303_snu_130mer 808 CGATGAACTATCGCTCTTCTCCTGGCCTGAGCCTTTTGCTGGAGCTACGCCAAGGCCGTGTGTGCGCTCCAGCAACAGGAGGATATGAAAGCGGCCGGAATTACGCAAGGttaattaaccacacatggca 
120303_snu_130mer 809 CGATGAACTATCGCTCTTCTAGGAACGGCTGCTCAGCTGGAAACCTTTCTCGAGCTCAATCCTGAAGTGCCCAAGGAAAGCGTGCTCGTGGATAATTTGGATCGGAAAGTttaattaaccacacatggca 
120303_snu_130mer 810 CGATGAACTATCGCTCTTCTCAAATTATTTACCGAGACGGATCCTAACGACGCCAAGGAAGGAGGGAAGAATATCTCCGCTCCCAAAGAAATGAAAATGGGTGATTGGTGttaattaaccacacatggca 
120303_snu_130mer 811 CGATGAACTATCGCTCTTCTGGCGAAACTTTCTCCCATTGCCGAAGACCAAAAGTTTGGGGAACTTCCGCCCGGAGTATTACAGCTGGGAGGGACCTTTTTGCTACAAGGttaattaaccacacatggca 
120303_snu_130mer 812 CGATGAACTATCGCTCTTCTATGGAACGATCGCGTTCCTGGAGATGTACCGGATCTGCAGCTCGTGTTGGCCAAAGCCAAGGTAGCTTCGGCCGCGATGGCCAGTACCTAttaattaaccacacatggca 
120303_snu_130mer 813 CGATGAACTATCGCTCTTCTAACAACTCTTTCTAGGAGGCGTAACAAAGTTACTTCGAGGCACTTGCTGTCAAAGGAAGACCGACTGTATATGACGTTGCTGGTGCATGCttaattaaccacacatggca 
120303_snu_130mer 814 CGATGAACTATCGCTCTTCTCGTACCGTCGACTGAACGACAGGACCTTTCCAAGACCAGAGTCTTGCCTCGCTAGCTGATTTCGTAAGAGACCTGACTGGTTTTTTTTTCttaattaaccacacatggca 
120303_snu_130mer 815 CGATGAACTATCGCTCTTCTATGAATAGGTATGCTTCCAGATAACTTGTAGGCACTGACTAGGATTTACTTGTAGAGTGGCCCGAGAAAGAAAAGATCTCCGCACTACTGttaattaaccacacatggca 
120303_snu_130mer 816 CGATGAACTATCGCTCTTCTGTACTTTCACTTATTTGGTTAGGGCCTTGACACCATAATTGTGACCAGCCATGACGTGGAATCCACGGCCCAGTAACTGTAAACGCATTCttaattaaccacacatggca 
120303_snu_130mer 817 CGATGAACTATCGCTCTTCTGAAATAGAAACAGACCAAGGATTACGTAGGTGTTTCATACTCAACCCCGGGTTAACACAAACTATAGAATGAAGGAACACCTTTTGTCACttaattaaccacacatggca 
120303_snu_130mer 818 CGATGAACTATCGCTCTTCTCCTAGATTCCATAATGGGAAATTCTCGCATATTGTCATAAATCAATTTTAATATCTTTCTGGTAAAATCCAAGGTGGTCTACTGTATCCAttaattaaccacacatggca 
120303_snu_130mer 819 CGATGAACTATCGCTCTTCTTGCTTTGTCGCGTGACAGCGGGCGCCGGGTGCAAGGAGAGTCAGGCGATGCATTTTCTTCTGGATCCCCTTGACGCAAAACACGGTTTTGttaattaaccacacatggca 
120303_snu_130mer 820 CGATGAACTATCGCTCTTCTACTTTTCGGCCAACATCCGCAAAGAGTGCTTTGACCTACCTTGGACTGTTAATAATCATGGCAACACAAGTGCTAAATGCACAGTCAGAAttaattaaccacacatggca 
120303_snu_130mer 821 CGATGAACTATCGCTCTTCTCTACGTATACAAGACGAGCACACATAAAACGGAATAAGTTAACCGAAATGAAAAATGCAGAAAACTATATTCATTCGAAAGAAAGCGACCttaattaaccacacatggca 
120303_snu_130mer 822 CGATGAACTATCGCTCTTCTCTTTCCTCTATGAATGGTATGGAGCGACAAAAAATAAAATAAAAGTCCACATGGAAACGCTCCTGTCAGAGCGTCTCCATGGGCACAGTAttaattaaccacacatggca 
120303_snu_130mer 823 CGATGAACTATCGCTCTTCTGATTCAAACTTCAAATCGGCAAAAAGCGAAGGATTGAGTCGCAACATTTCGTAAACGGTGCTCGTATCCGCCCGTTCCCCTACCGCGGCCttaattaaccacacatggca 
120303_snu_130mer 824 CGATGAACTATCGCTCTTCTTTGGAGGTAGGATCAGGAATAGCGAGTGCTTCGGGGTAGACATCCACCAGCTGCTGAAGACCATCGGACCATCGTTTGTGAGATTCTAATttaattaaccacacatggca 
120303_snu_130mer 825 CGATGAACTATCGCTCTTCTCGTCCCATGGGATCGGGTACGCAGGCGGACGAAGAAGCTGCATCCTGGTTGGCGTGCAAGAGAATTTGAATGACGGAAGGTTCACAAGACttaattaaccacacatggca 
120303_snu_130mer 826 CGATGAACTATCGCTCTTCTTCGTCCGCTACAAATTGGTCCTGTGTATCGTTGTCCCCGTAAATGACGTCTTCCAACATATAACCATCATCCGAAAGATCACGAACCTTAttaattaaccacacatggca 
 
 １００ 
120303_snu_130mer 827 CGATGAACTATCGCTCTTCTGCAATCATGAGCGGCGTGAGACCGTTTTCGTCGCGTTGATCGAGTTGCGAGGAGTAAACTAGAGCGGCAATTTTGACGACCGGGCGTGGAttaattaaccacacatggca 
120303_snu_130mer 828 CGATGAACTATCGCTCTTCTGCGTGGACCGTCCGAAAAACGTTCAGAGTACCGCCCCGACTCAAGGCTCCGTGATGCGCCACGTGCAGGAGCAACTCCGTCTTGTTCCATttaattaaccacacatggca 
120303_snu_130mer 829 CGATGAACTATCGCTCTTCTGTCAAATCTCCGTGACTTTTGACTCCCTCAATGGCATCGTCACCCAAAATAACAAAGTAGCGAACCCATAGTCGTAATAGTGGCGTCAGGttaattaaccacacatggca 
120303_snu_130mer 830 CGATGAACTATCGCTCTTCTTGTACAGCGGATGGATTGGCCCGCAGCAGAACTTCCAGGACTTCGCGGGAGGCGCCACAGCGGCACGCCGCATGCAAAGCCGTATCTCCGttaattaaccacacatggca 
120303_snu_130mer 831 CGATGAACTATCGCTCTTCTGTTTGTTCCGCCTTACCGTATTCGAGCAAGACGCGAATGACGTGGGTTGAAGCGTGATGGGATGAACAAGTAATGTGCAAAGGGTTCATGttaattaaccacacatggca 
120303_snu_130mer 832 CGATGAACTATCGCTCTTCTGTGGAAGCCTCGGGGTAAGCCTTGAGCAAAGCCTGGATGACTACGGCGGGAGCATCGTGATCGCAGGCAACATGCAGTGGGGTTCGTCCCttaattaaccacacatggca 
120303_snu_130mer 833 CGATGAACTATCGCTCTTCTGCTTCGGATGGGAGGGCGGTCACGCGTGCGAGAACACCAGCCCAGTCGTAGGCTTGCACGAGAGAAAGCAAGAGCGTGGGTTCATCGTTCttaattaaccacacatggca 
120303_snu_130mer 834 CGATGAACTATCGCTCTTCTGGGCCGCTCAAATACGATTCCCCGTCACTTTCGTGATGATGGTGCTGGTGCTGCGTAGGATAGAGATACGGGGGATGAGATGAATACGATttaattaaccacacatggca 
120303_snu_130mer 835 CGATGAACTATCGCTCTTCTATGGTGAAAGCTATTCTATTTAGAACACCCTCCAAGAAAGACTCGTTGATGTGTGTCTATTTGTGTGCGTTCTATTGGTTGTTGTCACGCttaattaaccacacatggca 
120303_snu_130mer 836 CGATGAACTATCGCTCTTCTAAAGGCGGCCATCACTCGCAACACTGTAGAGAAAAGTACCGACTGCCGCGAATACCGATGCTGATCTTTGGTGGATGCTAGCTAGCTCGCttaattaaccacacatggca 
120303_snu_130mer 837 CGATGAACTATCGCTCTTCTTGGCTCGTGCAAAAATTGCGAGCGACGAAAGTTGACATGGGTTGTGCCTCTCCGAACAGTATCGCCCTCTCTCAACTTCAACCACGTCGCttaattaaccacacatggca 
120303_snu_130mer 838 CGATGAACTATCGCTCTTCTAGCCACATGACGTGGGTATTTCGTCCGCGTAGTTTCGCGTATTGGCTCTCGTCAGCTCCCCGGTTGTTGACGTCATCGATGGTTCCCGATttaattaaccacacatggca 
120303_snu_130mer 839 CGATGAACTATCGCTCTTCTCATAACGTTTCATCAAATTGCGGTCGCGAGCTCAACTTGAAGTTTTCGTCATACCACGTCAACCAAAATATTAATTGTATCGTGTATATCttaattaaccacacatggca 
120303_snu_130mer 840 CGATGAACTATCGCTCTTCTCAGAATAAGATGAATCGAAACGGTATTGGTTTGGGTAGCCCCAGGTCAGCGATAGGGTCATAATTTTTACTGTCTGTAAGAATCGAGACGttaattaaccacacatggca 
120303_snu_130mer 841 CGATGAACTATCGCTCTTCTGACCGCAAGACGCAGCGCGTCTGTCTTCCTGCCCCACGATGATCGCACCACGAAAAGCAACAAATTCGAAAAACATGCAAGGAAAAAGACttaattaaccacacatggca 
120303_snu_130mer 842 CGATGAACTATCGCTCTTCTTTTCCAATTTCGATTGCTTCCTCGGATAAGGCGTGATCATGAAGGTAAAGACGTTGCAACGAGCGCCGGGTGCCGTAGAGCGCGAGTGCTttaattaaccacacatggca 
120303_snu_130mer 843 CGATGAACTATCGCTCTTCTAATCGCGCAATCTCAATCCACAGTATCATGTCATGCAGAGAGCCCGGGAATACACCCGCGCCGTCACGGCAGCCAAGATGGATCGCATGTttaattaaccacacatggca 
120303_snu_130mer 844 CGATGAACTATCGCTCTTCTGCAATTTGGGACACGGGCACCGGGATGCGGTCACGTGTACGGCCGTTTCGCGACGGGCCTTGCTACCATTAGCGTCCGGGGCGGCTGATGttaattaaccacacatggca 
120303_snu_130mer 845 CGATGAACTATCGCTCTTCTATCTGCAGTCGCGGACTTCGGTAGCTACCATCAACGCACATAATCGGGTAGTCACAGGAATGTCGTTTGATGTTTCCGGACAAGCCTTTTttaattaaccacacatggca 
120303_snu_130mer 846 CGATGAACTATCGCTCTTCTGAAAAGTACACCGATGGTCCATTCATCCGCAAGTTGAAAACCAAGACGATGAGGACGACAATAATGCGGTCACGGAACCCACCTACGGTCttaattaaccacacatggca 
120303_snu_130mer 847 CGATGAACTATCGCTCTTCTGCAATGGAGTTTTCAAAAGTATCGATCACCACTGGCACGACGACCGCTTCGCAACAGCGTCCGACTCGGCAGTACAAATATGGTCGCCCAttaattaaccacacatggca 
120303_snu_130mer 848 CGATGAACTATCGCTCTTCTAAACACACGACTCACTCTGGGGGTCCGACGACACCGTCACGGTGGTACGTTTCCATCCGGCCGAACGAGATTTGCTCGCGCACGTTTCCGttaattaaccacacatggca 
120303_snu_130mer 849 CGATGAACTATCGCTCTTCTTGCACGACACTCGCACGGGAGCGGCCTTGAAAAAGACTACACTTCGGATGCGATCGAACGACCTACAGTGGAATCCAATGGAACCCATGAttaattaaccacacatggca 
120303_snu_130mer 850 CGATGAACTATCGCTCTTCTAAGACTACAACGCCTACCTTTTCGATATGCGAAAATTGTCCGAGCCGAAGACGATCTACAAAGGGCACGTGTCCGCCGTTATGAGCGTGTttaattaaccacacatggca 
120303_snu_130mer 851 CGATGAACTATCGCTCTTCTGAGAATTTGCGACGGGTAGCTACGATCGAACCGTACGAATTTTTAAGGCCAGCCAGGGGGGTGCCGCCCGGGACGTTTACCACACAAAGCttaattaaccacacatggca 
120303_snu_130mer 852 CGATGAACTATCGCTCTTCTGCGTGAATTATACGATGGATCACAAATTCTTGGTCAGTGGCAGTGACGACACCAATTTGAGGCTATGGAAGGCACACGCCAGTGAGCAATttaattaaccacacatggca 
120303_snu_130mer 853 CGATGAACTATCGCTCTTCTGCGAAGAATCGGCCATGCAATATCGACAGGCTTTGGTAAGAAAATACCAGCATTTGCCGGAAGTGCGCAAGATTTCGAAAGCTCGTAAAAttaattaaccacacatggca 
120303_snu_130mer 854 CGATGAACTATCGCTCTTCTACCAAACGAAACAAGCTATCATTCAAAAGGAAAGCAAGGATCGTAAGCATGCTAATCGGGTCAAGTACGGAAAAGATGGAGAACACGAATttaattaaccacacatggca 
120303_snu_130mer 855 CGATGAACTATCGCTCTTCTAAACGGTGGTCAAAGAATTGGACTAGATATGGTTGAATTTTCCACCTTTTTCAAAAGCGTGTTACCCCAGTTCTCGTTGTTGCAACTGTAttaattaaccacacatggca 
120303_snu_130mer 856 CGATGAACTATCGCTCTTCTTATAAAGAACACTACGAACCTAAAGACCAACCGATTGAAAACGCTAGTGACAGACCAACGAGATAGAGGGTGGCAAAGCTACTGGAGTTCttaattaaccacacatggca 
120303_snu_130mer 857 CGATGAACTATCGCTCTTCTTGGTGTTCTCTGGTGCCAGAGGCTGCGTGCGACACTGTAGCCTGCTCACAGTCGACATTGACCACACCGTTCGATCCTTCCATCATATGTttaattaaccacacatggca 
 
 １０１ 
120303_snu_130mer 858 CGATGAACTATCGCTCTTCTAATATGTTCCAGCACAAATCTCCGCTAAAGTTTCTGGCATTTCGAAACATACCATCCAGGTTGTACACCAGCCCAACGTTCCAGTCATTTttaattaaccacacatggca 
120303_snu_130mer 859 CGATGAACTATCGCTCTTCTATAGCACCTTCGAACATAGATTTCATGTTCGTTGTGGTACCAGTATTCCAAAAAGAAAGATCTTGATGAAAAGATGTGGCATTATGAAACttaattaaccacacatggca 
120303_snu_130mer 860 CGATGAACTATCGCTCTTCTGCGTAGCGAATCTGTAGGCCCATTTCCTTTTGTTTTGGAATGGTCCACAGGGATATATTGCTCTGGAAGGCAATCGCATTCGCAAACATGttaattaaccacacatggca 
120303_snu_130mer 861 CGATGAACTATCGCTCTTCTCCCGTCACATCCCACGTGGAAACATCGCCATTGAAAAGTAATGCGTTGTGAAAGATGTGCGAAAAGTCCAAGACGTGTCCCGTGTCCCAGttaattaaccacacatggca 
120303_snu_130mer 862 CGATGAACTATCGCTCTTCTAAGGACAGAGCGTTCTGAAACATGCGACTCATGTTGCGAGCTGATGATACGTCCCAGAAACTCAAATCTTCCGTAAAGTTGACGGCATTTttaattaaccacacatggca 
120303_snu_130mer 863 CGATGAACTATCGCTCTTCTTCTTGAATGAGCGATACATTCCAATGGGAAACGGACCCGTACTGCTCCTGGGCACGATGTTGGTCGTCTTGCCAGAGTTTCACGGCACCGttaattaaccacacatggca 
120303_snu_130mer 864 CGATGAACTATCGCTCTTCTGAGAATGGATAGGAGCTAACTATTGGTGAGTCTTGTAACTGCTGCTTGAGACGAAGGACTCGAATCTCGGTCCTTTTCTCCTCCAACATTttaattaaccacacatggca 
120303_snu_130mer 865 CGATGAACTATCGCTCTTCTTCGTAAAGACCGTCGACAGATATTGCGAGTGTGGAGTATACTGTTATACCGATGAGGCATAGCCCCATCGTTCGCGAAGTCACCATGAGTttaattaaccacacatggca 
120303_snu_130mer 866 CGATGAACTATCGCTCTTCTTTTGTGCCGACTAACGGTGAAAGTGTTCCGGGCAATCATAATGAGTCTTATCTCTCTGGATTGCAAAGGCCGGTTTGATGAATAGGTTTGttaattaaccacacatggca 
120303_snu_130mer 867 CGATGAACTATCGCTCTTCTCCATGGTTGTACCGGTCCAAAAATGACAAGAGATTTGTCTTTTCTCTGAAAGGCTTGCCTTTCTGGGATTTCAAATGGGAATTTCAAATTttaattaaccacacatggca 
120303_snu_130mer 868 CGATGAACTATCGCTCTTCTCAAAAACTCGATTTTCTGATAACGCATCGGCGCCTAGGTCAAGAAGGTTGTGACGATTGTGGAGACCAAATACTTGAGCTAGCTAGCTAGttaattaaccacacatggca 
120303_snu_130mer 869 CGATGAACTATCGCTCTTCTCGTGATTTCATTGTCGTACAAGCGCTCACCAAGGTAAAAAAGGTAGAAACGATTCAAATCATGTTGTGTAACCGTAGGCTGTTGGCGACGttaattaaccacacatggca 
120303_snu_130mer 870 CGATGAACTATCGCTCTTCTCTGCTTGCCTCCACAGGAGCCTTTGTTCTTCATAGGCCCACGAATGTGCGCCTGCCATCAGCTTTGGCCGCGACGGTAACGAAAACCACGttaattaaccacacatggca 
120303_snu_130mer 871 CGATGAACTATCGCTCTTCTTGGAAACTGCGACTGGTTTTGCGCGGAGTCACTACCGAAAAGGGCAAGAAAGTTGACGAGGTTTTCAGTCTCACAACTCAATTCATCGAAttaattaaccacacatggca 
120303_snu_130mer 872 CGATGAACTATCGCTCTTCTCCTCAAGGAGACCTTAAACAAGTCGTCGGCGAAGGAGAAAGCCCCCTCATCAAGATCGTGTCTAGTCGCTGGCAGCTATCTGAAGACCCGttaattaaccacacatggca 
120303_snu_130mer 873 CGATGAACTATCGCTCTTCTCTCTGGATATGGGGTTTGTTCAAAGAGCCGCTGTATCCATTTCTTTTACTTCAAGTAAAAACCGACTTAATTCCCCTATCGACGTCAGAAttaattaaccacacatggca 
120303_snu_130mer 874 CGATGAACTATCGCTCTTCTATTCTTCCGCTCGAGCTTTATGCACAAATCAATCATCGAAGAGATGACATCAAGGGTGTAATTCTTGAAGCATCAGACCTCAAAGTAAGAttaattaaccacacatggca 
120303_snu_130mer 875 CGATGAACTATCGCTCTTCTGCGGATCCTTTTGGTGCTGCCAAAGTTGATATTTTCGAAGAGGTCAGCATCGGGACCATTTCAGTACAACCTATGCTATAAACGTGATCAttaattaaccacacatggca 
120303_snu_130mer 876 CGATGAACTATCGCTCTTCTGCGTAAGGATTTTTCTCGATAGAAGAGTCGTTCCTTGCAATATTCGTAGACCAAATGCTTTGCAGCCGATAGTTTAAACGATTTCTATTCttaattaaccacacatggca 
120303_snu_130mer 877 CGATGAACTATCGCTCTTCTTCGTCGTCGTCATCTGAATCGAACGCGTATTTTTTTCGTTGAATTTTAATGGCACCACTTGAAGCATTTATACTCGCTGCTTTTGCACTGttaattaaccacacatggca 
120303_snu_130mer 878 CGATGAACTATCGCTCTTCTATCAATTTTCCTTCACTGATCTGGCCGGGAAGTTTCCCCGACATGGCCATGCTGACTATAGTATTCTCGAGCTGAGCCACCTTTTGGGCTttaattaaccacacatggca 
120303_snu_130mer 879 CGATGAACTATCGCTCTTCTCCTAGTCTTGCCAGCGCTTCCGGCGTTAGCGCTTGTTCCAAAATAGCTTGCTTCTGTGCTTGTTGCTGTTGCTTTTCTTGTGACGCGCCAttaattaaccacacatggca 
120303_snu_130mer 880 CGATGAACTATCGCTCTTCTGTAAAGCCTTCCGGCAACTCTTTGGGGTCAAAGTCTGAAACCGGTGCAAGATTGTCCATAGCGTTGGGCTCGTTCTATCTTTGAATAATTttaattaaccacacatggca 
120303_snu_130mer 881 CGATGAACTATCGCTCTTCTTTGTAATCTTTGGCTGTTGGTCGACTTGTTTGGCTAGTGAGGGTGTTCCGTCTTGGCGGTAGCTTTGACCATGGTCGCCAAAGAAGAGAAttaattaaccacacatggca 
120303_snu_130mer 882 CGATGAACTATCGCTCTTCTTATGTAGGCTCAATCGGTCAACAGAATGCGGAATCCATTTGACAACGTAAGAATGGCAAGATACAAAGTGGGGCATAGAAAGAACGTTGCttaattaaccacacatggca 
120303_snu_130mer 883 CGATGAACTATCGCTCTTCTGAGACCGAAAACGGCAAACGAAGGAGCTCACAGTCAGTAAAAATCAATGACAGAGAACCGATTGTAAATCTTGTTTTCCACTCATCATGAttaattaaccacacatggca 
120303_snu_130mer 884 CGATGAACTATCGCTCTTCTACAATCACGAACGACTTCGGAGATCCACAATGCATTTGAACAATTACAGGGTTCTCGTTACTCTACTTTCATCGTTGCCACTTCGTTTTTttaattaaccacacatggca 
120303_snu_130mer 885 CGATGAACTATCGCTCTTCTTTTTTGTTTCGCCAGTCCAACGACCTCAAGGAGCACGGATCTGCTCGATGACATCGTCCGAGTCTAGTATCGCTGCCCAAGTAACAGCTGttaattaaccacacatggca 
120303_snu_130mer 886 CGATGAACTATCGCTCTTCTAAATTCAAAGCACACTTGACCCGTGTGTGGTACTCATGAAAGCTATGATTGGTCAGTACGCCGCAGAATGGGAAGCAAAGGGCGGAATTTttaattaaccacacatggca 
120303_snu_130mer 887 CGATGAACTATCGCTCTTCTTCGTTTGGTGGCGTGAACCGACTTCATCAACACAGGCCCTCATTTCCGCTTTACAGGAAAAGGATAGCATGCTGCACATGTACGGACCCGttaattaaccacacatggca 
120303_snu_130mer 888 CGATGAACTATCGCTCTTCTTTCGAGATGCCTTACAAGAAAAGATCAGGGATGAAAATGGTCTGGAACACCACCAAGTTATGGTCACAGTGGGGGCAAACCAAGCGTACGttaattaaccacacatggca 
 
 １０２ 
120303_snu_130mer 889 CGATGAACTATCGCTCTTCTTGGTCGAAGAACAGGACAAATGCGTCGTCTTCAAACCGTACTACTTCAATCATGTTATGGCTTTGCAAATGACACTGCCGAAAGATTGCCttaattaaccacacatggca 
120303_snu_130mer 890 CGATGAACTATCGCTCTTCTGTGATGACGGAATTCCGGATCTGAAATGGCTGGAGTCAAACCTACGACAGGATTCTTCTATTAAAATGGTAACGATCGTCAACCCCGGCAttaattaaccacacatggca 
120303_snu_130mer 891 CGATGAACTATCGCTCTTCTTGTCTCGGGATTTTCTTCAGAAAGCTGTTGATCTATGCCGATATTACGGTTGTTGGCTTATTTTGGATTGCACGTATGAGTACTTTGTACttaattaaccacacatggca 
120303_snu_130mer 892 CGATGAACTATCGCTCTTCTACGGCTGTTTTAAGGATCCGCATGTTTTACACATATTCTCCTTTAGTAAAGCATACGCCCTGGCAGGCTATCGATGCGGATATGTTACTGttaattaaccacacatggca 
120303_snu_130mer 893 CGATGAACTATCGCTCTTCTGAGTTTATGAAGAAATGACCAAGGTACAAGATACAATACCAATCGCTCCTTCGCGAATTTCACAAATAGCTGCACTTGGGGCTATGAAAGttaattaaccacacatggca 
120303_snu_130mer 894 CGATGAACTATCGCTCTTCTAGGAAAAGGTCGCCACATTGGATACCGGTAGAAGCGCTATTCTGAAAGCATTAGAGCCGCTGGACCAGATAATGGGTGGATCGGGCGCCAttaattaaccacacatggca 
120303_snu_130mer 895 CGATGAACTATCGCTCTTCTTGAAAGATGGGAGCGACGATCAAGAAGTGGCGAGGCGATTGGTGCAAGAGTTTGGGGTTGCAGTGATTCCGGGAAGCTTCTGTGGCTCTCttaattaaccacacatggca 
120303_snu_130mer 896 CGATGAACTATCGCTCTTCTGTTATGCGAATTTGCCCCCCGAAAAATGCTTGGAAGCCGCCGTACGACTAAAAAAAGGCATCCTGGCAGTTGAAGAGGACGCATCGTTGTttaattaaccacacatggca 
120303_snu_130mer 897 CGATGAACTATCGCTCTTCTAAAAAATGGAAAAAGTGACATTGAGCTTATTTCCATAGCAATGACGGCGGACAGCAAGCACATTCGACAAAACGGCCAAAAATAGGGGAGttaattaaccacacatggca 
120303_snu_130mer 898 CGATGAACTATCGCTCTTCTGGTTTCTTTCCGCATCAGAAGCATGCTGGTATCAATTGTAAATTTCGGAATAATTATTGTACATTATGCTACGGATATATTTATCGTTTCttaattaaccacacatggca 
120303_snu_130mer 899 CGATGAACTATCGCTCTTCTTTTTGATACGTAGCTCTTCGAAAGATATTCCTTTCCAAGAAGCTTAGATGCCCGTTCCATACCCATCGTATTCACAAAGCCTTTGAGCCAttaattaaccacacatggca 
120303_snu_130mer 900 CGATGAACTATCGCTCTTCTTTTCCCTCGGCTTACACTCGCTTTGGCGTCGTATACATCCCGGCTTCTTCGTTTGTCTTTTCGACCGTTGTATCGTTCCCAAGAACCAAGttaattaaccacacatggca 
120303_snu_130mer 901 CGATGAACTATCGCTCTTCTAGGCTGTTTGCGAAAATTTGAAAAGGTAAGCTCATTATTGCGGTGACAGAAGGACGTCACTGGACGGTGAATACTGAACACAATGTCGTTttaattaaccacacatggca 
120303_snu_130mer 902 CGATGAACTATCGCTCTTCTAATTGCAGATACGTCTAAAATCACCTTTGGATTGCCATGATACGTCATATTATGCGGCAGAGCGTGGTGACGCCACCGCAACGACTCAAAttaattaaccacacatggca 
120303_snu_130mer 903 CGATGAACTATCGCTCTTCTCTCCGGTACATCCTTGTTTCTGTGGTTGTCGTTGCTTTCCACCGAGCCGAAAAGTACTCGGAGCATCGAAATGCACGGATAGCTGACAAGttaattaaccacacatggca 
120303_snu_130mer 904 CGATGAACTATCGCTCTTCTTGCCTCTTGAATCAGCCTCAAAACAGATCCAGGCTCTTCCATTGACGGGACTTTAACATAGTCAGGATTCATCTGGCGCAGCAGCTTCGAttaattaaccacacatggca 
120303_snu_130mer 905 CGATGAACTATCGCTCTTCTGGTATCAATATGAATCACCCACGAATTTCCCTTTTGACGGAGTGCCTTCATGCATTTTGCCAGAAAGACTCTTTGTCGGTAGCGATGATTttaattaaccacacatggca 
120303_snu_130mer 906 CGATGAACTATCGCTCTTCTACCATGTGTGACATTCGCGTTAAATTTGGAGCGCCTTTCCATGTGCTCCTTCGGGGGTCTGTGATTTGACAGAAACTCGGCAGGCATGTAttaattaaccacacatggca 
120303_snu_130mer 907 CGATGAACTATCGCTCTTCTCAAAATCTCCAGATCCGTCATCACTTTCCACTTCTTCAAAATCTTGGAGGGTGATTCGTAACTAAGCGGGTCCACCGCCACAATCAGATGttaattaaccacacatggca 
120303_snu_130mer 908 CGATGAACTATCGCTCTTCTATAGTGATAAGCCAGCCATTCATTGAGAATTTCGTTGTCGTCCTTGATGAGCAGGCAAGCAGAAAAGGTAGCGTTCGGAGCCATCGATTCttaattaaccacacatggca 
120303_snu_130mer 909 CGATGAACTATCGCTCTTCTGCTCGGTTGGTTTCGTTTGTTTTTTCGACGTTGGCGCCCCCTCGCTCTCCTTCCTTCCTCAACGTCCCCGAAGAAATCGCTAATAGCTGAttaattaaccacacatggca 
120303_snu_130mer 910 CGATGAACTATCGCTCTTCTCGAGTCTAGCAGCAACGTGCCATCATTCATTTTCCCTTGTTCGAAATACAAAACCCAGTTCGTGACTAGCGAGACTATTACCAGAAGAGGttaattaaccacacatggca 
120303_snu_130mer 911 CGATGAACTATCGCTCTTCTCGCTCTCGTGCATCGAACTCTCATCGTGACTGTGCTTTCGCAGTCGTCTTGTAAACAACCAGCTATCTTTCCGGTTCCGCATCTCCGCTTttaattaaccacacatggca 
120303_snu_130mer 912 CGATGAACTATCGCTCTTCTCTGTGAATGGTCGTGTATACCGGAGATAGAAACGCAGTCTCAGAACCGTACAAAACGTTTACAGAGCTCTAGTGAACTCGCGGTTCGATTttaattaaccacacatggca 
120303_snu_130mer 913 CGATGAACTATCGCTCTTCTGTTTCGGTACCGAAGCAAAAAGGGTTACTAAAATGTCCTAAACAGGCGTCGGAGTTTTCACAACGGATCGCGGGCGAGTCTCCTAATAATttaattaaccacacatggca 
120303_snu_130mer 914 CGATGAACTATCGCTCTTCTTAGAAAAGCTGTATCGCATCTTTACGTGAATACTTGTTTGGCTTGTTATTCCAACCATGTGCTCTCAAACTGAAGTGACGCGTATCTCATttaattaaccacacatggca 
120303_snu_130mer 915 CGATGAACTATCGCTCTTCTTTTATAAATCCCTTTGTTTTCTGTAGACAATCGACCAAACCTACATGAGTTTCCTCTCCGCGGTTGCGGCATGTCACAGAAAAATTGATGttaattaaccacacatggca 
120303_snu_130mer 916 CGATGAACTATCGCTCTTCTACTGTGCCCACAAATTGGATGTTCAACGGTTCTTGAATCCAGAAAAATGATTTCAACATCCGTTGGGGCAGTCATGTGCTCGATGCCGCCttaattaaccacacatggca 
120303_snu_130mer 917 CGATGAACTATCGCTCTTCTGAGAAAGGAATTTTACCATGAGCGCCCCTTCAGCAGAGCCACCACCATACAGCCAGTCGCTTCGAGGCCGGGGATACAGCGACGGAGAGGttaattaaccacacatggca 
120303_snu_130mer 918 CGATGAACTATCGCTCTTCTTGCCAGTTGGTCGGATACGAAACCTCATCGCCCACCGCTTCGCCACTCGTACGGTAGAGTATGATCGGGTCGCCGAAACGGAATTACGTGttaattaaccacacatggca 
120303_snu_130mer 919 CGATGAACTATCGCTCTTCTTGCGAGTCAATCCCGCTGTTCGTGCCGTTTACAAATTTCGATTACTGGAAGCGAATGTTAGGACGACCATAGGTGCAGAGTGTGTCTTGCttaattaaccacacatggca 
 
 １０３ 
120303_snu_130mer 920 CGATGAACTATCGCTCTTCTTGAAAATACCGGAAATGTCCAGCCAGATGAATCGAAGGTCACTGAGGGGACAGCTAAATCCTATAAGCACTTTGCCGCGGGGATTCCGGAttaattaaccacacatggca 
120303_snu_130mer 921 CGATGAACTATCGCTCTTCTGCTGCACGTCGCCGATTTTAGAGGTATCTTTGTCGCCCAAGATGAGTCCAGTTGAGCACTCATTTCGACGAGAGCATAACGGGAACGCACttaattaaccacacatggca 
120303_snu_130mer 922 CGATGAACTATCGCTCTTCTGTCCAACAGTCAAAATTGAGCTGCCGCCTCTCGCTCACCACTGGCAAGACAGCAAGTACGATCTCCTATTGAATCCAGTGGATAACAACGttaattaaccacacatggca 
120303_snu_130mer 923 CGATGAACTATCGCTCTTCTGAGATGCAATGTACGAACACGAGTTTTGTGACAACAGCGCTTGCATCAGTCGTGAGCCTCATTTGCCATCACTTGCTACTGTGAGCCACAttaattaaccacacatggca 
120303_snu_130mer 924 CGATGAACTATCGCTCTTCTTCACTGGCCATACGACCGACGATGGAGGGTCAATTTGCAGTGACAAAGACTCGTTGTCAAGTCACGAAAGTGTTAGAATGGAAATATGAGttaattaaccacacatggca 
120303_snu_130mer 925 CGATGAACTATCGCTCTTCTAGCAGCCAACGCTCACAGATTACGTCCACAGGATAAAGTACATAACGTCAGTGCTTAAACTGCTATGCAGCGATTGTATGTAATTATCCTttaattaaccacacatggca 
120303_snu_130mer 926 CGATGAACTATCGCTCTTCTAATGAGTCTTGAAACAAAGTGTAAGCGGCTACTGCCGTAATAGCCGCAGTTTCTGCCCGTAGCACAGTTGGTCCTAACGATATGTTAAAAttaattaaccacacatggca 
120303_snu_130mer 927 CGATGAACTATCGCTCTTCTTGTTCAAGCTCGTCCAGCAGTAGTTCTTCGTCGCGCGACCAGCCCCCTTCGGGACCGACCAATAACGCAATTGGTGTGGTGACGCCCGTTttaattaaccacacatggca 
120303_snu_130mer 928 CGATGAACTATCGCTCTTCTCCAAGAGCGTTCCAAATAGATTGACTACTGCTGCGTTCTCGACAAACCAAAAGCTTCACTTCGTTTTCAGGATCCTTCCAGAGAGACAAGttaattaaccacacatggca 
120303_snu_130mer 929 CGATGAACTATCGCTCTTCTGTACACCCAACATCATCTTGTTCCGTCGGTGACCCAAAAAAGGGCAAGTGGAGTCGCTCACACTGCTCGGCTGCTTCCATAACGTGAGCCttaattaaccacacatggca 
120303_snu_130mer 930 CGATGAACTATCGCTCTTCTAGATCAACCGATTGACTGTAATCAGTTTGCAGCCAAACATATCCGCCAACATTGAGTTCCGTCGTCTTTTCAATCATCCAGCGTGTGCGGttaattaaccacacatggca 
120303_snu_130mer 931 CGATGAACTATCGCTCTTCTGCCACGCACAACCACACCGTCGGCGTGGACGTTTGGGATCGTAAAGATTCCGTGCAAGTCCCAATCACGGGATCCGACGATGCGCGACTTttaattaaccacacatggca 
120303_snu_130mer 932 CGATGAACTATCGCTCTTCTCCATCCAACCGATGCATTTGTTCCAAATTGGCCAGCCATTCCCCACCCACGCCGTCAAAGACACGTATTTGGGGAGCCTTGTTCCGTTTGttaattaaccacacatggca 
120303_snu_130mer 933 CGATGAACTATCGCTCTTCTGTAACATGGTGTGACTGTTCGGGCGACAGAGCCAACAGTGCATTGGGACTGAGAGAGCTCAACGGCGTACGGGGGGTGTCATGGGCGCCTttaattaaccacacatggca 
120303_snu_130mer 934 CGATGAACTATCGCTCTTCTACTAGCGCTGGTTCTGGACCGACGTATAGTCTGGGAAGCTTGCTGTAGTCTGGTTCACTGTAATGGTCATCAATCCGGCTACTACACCATttaattaaccacacatggca 
120303_snu_130mer 935 CGATGAACTATCGCTCTTCTGATAAATTGCCAGACGTCCACCCAAATGCGGAAACGTGTCGGTTTTTGCAGAAGCTCAACAAGGCAAGCATTGTAAAGTTTTGGACCAGCttaattaaccacacatggca 
120303_snu_130mer 936 CGATGAACTATCGCTCTTCTGGCCAATTCCGTTTATACATGAGTAGCTTTGTGGCAGCCCTTTCGACACGCTCTTTTGGAACGCCATTGGGGAATGCAAAACAATGGATGttaattaaccacacatggca 
120303_snu_130mer 937 CGATGAACTATCGCTCTTCTTCCAATTCCCGGTAGCACGTGATTCGGCTTTTAGGGACCCGTAAACTGGCCTTCTCCGGGAATCACTGTCAGTCGTACTCCACGAAAGTCttaattaaccacacatggca 
120303_snu_130mer 938 CGATGAACTATCGCTCTTCTATTTGGGAAGACGGTGATGCGCATGCCGATCTGTCGCTTTTTCGGACACAAGCATCAACCAGGACATCTGCTCCTCCACTTAGCTTCGACttaattaaccacacatggca 
120303_snu_130mer 939 CGATGAACTATCGCTCTTCTATCACTCTGCTTCCCATCCTGCTTTCATTTGCCCGTAGAAAGCTGAAGCAACCCGCGTTAGGGAAAGAGACAGCCACCACCGTAGACCAAttaattaaccacacatggca 
120303_snu_130mer 940 CGATGAACTATCGCTCTTCTTGGCTGCTCCAATATTCCTTCACTGTCAATTCAACCCAAGCCAGCATGGCTCCGTCGCTCCCCGAACCTGTGCCAGATTCGCCCTCTGACttaattaaccacacatggca 
120303_snu_130mer 941 CGATGAACTATCGCTCTTCTACGTTTACGCTGTATCTTATTCGTCACGGCGAAGCTAGTCACAACGTGGAAGAAAAGCTAGCACAAAAGCAGGCTCTTGAAGAATGCATCttaattaaccacacatggca 
120303_snu_130mer 942 CGATGAACTATCGCTCTTCTGACGACCCCGTCACGAAGGAAAAAATGGAACAAGCCAGACAAGCCATTCTCGAAAATCCCGACTTTTTCGATGCTCGTCTTTCCGATCTCttaattaaccacacatggca 
120303_snu_130mer 943 CGATGAACTATCGCTCTTCTGCAGCCCGAGCCCTAATCGAAACGTGGGGCGATTTGCCTGTTCCGCAGGAGGTGTTTGTCAGCCCTTTGCAGCGGACGCTACAAACCGCTttaattaaccacacatggca 
120303_snu_130mer 944 CGATGAACTATCGCTCTTCTCATCCCAATATTCACGTCCGAGAAGAGTTACGGGAGCGACTAACCGGACGTCCCGCCGACAATCGATTTTCCAGCACAGAACTCAGTCGTttaattaaccacacatggca 
120303_snu_130mer 945 CGATGAACTATCGCTCTTCTTTTTCCTTTAAGCATTTGCGACTCAACTCCATTGTGAATGATCTGGCTGGAATTTTTGGAGGAACAAGTTCCACCGATTTGCAAGAATTGttaattaaccacacatggca 
120303_snu_130mer 946 CGATGAACTATCGCTCTTCTGACGAAGATTTGTCGGGCACCGCTCGGAGCAGCGTGGTTAGCTTCGAGAGCAACTCTAGTTTACATCATAATGTCACGAATACACGCAGCttaattaaccacacatggca 
120303_snu_130mer 947 CGATGAACTATCGCTCTTCTTCGTGCAACGCCGACGAAGTCGTGGAAGACGAGGCCAAACTCCGCGAACGGACTTTCAAAGTGTTTAAGCTTCTCCTCGAGTCGGAACACttaattaaccacacatggca 
120303_snu_130mer 948 CGATGAACTATCGCTCTTCTACTCATAAGGGTTATTTGCGAACCTTGGAACGGGGGCATTTGCATCAACCAAATGCGCGGCAGTTTCAGAATTGCGAAGTTCGTGTTTACttaattaaccacacatggca 
120303_snu_130mer 949 CGATGAACTATCGCTCTTCTGAGCGTAAGGAAGTGGAACGGATTGTCCGATTGAAGTGAAAGCAATAGAATAAAGGACTGAGTAAGTTGAAATATGTACTATATTACGTTttaattaaccacacatggca 
120303_snu_130mer 950 CGATGAACTATCGCTCTTCTTTGTGAAAGAGCAATAACGTGGGCGGCAATCCTTCGTAAGCCTGTTATTGGGAAAGTTCTTTCGCCCCTGGCGTCAATAGACTACAGACAttaattaaccacacatggca 
 
 １０４ 
120303_snu_130mer 951 CGATGAACTATCGCTCTTCTGTTCTGTTTTTGTACAGACTTTCTTTTCTTCCTCCGCTCTCAAGAACGATATCGGCTTTCTTGCGCAATGTCGATCCCATTGTATTACAAttaattaaccacacatggca 
120303_snu_130mer 952 CGATGAACTATCGCTCTTCTTAACTGTCCAAAGCGAAAGAGTTCACTTCTCAAATGTTTTCTCTCTTTCAACTTCAACTATAAGGGACAACGCAGAGTCTCTGGCTCAACttaattaaccacacatggca 
120303_snu_130mer 953 CGATGAACTATCGCTCTTCTTAAGCAAATTCGCCAATAGCAGATATCCAAAAGCAAGAAGTTACTGGTTTGATTGCACCTTGACAACGCAGTCTCGCCCTTATTTGATGCttaattaaccacacatggca 
120303_snu_130mer 954 CGATGAACTATCGCTCTTCTGTAGGCTCAGCTACAGCATTTTGGTGAAGAACCTTTCGCTTCTGAGGCTAGCTTTTGGCGCCACGCCACTTTCTGGAAATCATCGCTTTCttaattaaccacacatggca 
120303_snu_130mer 955 CGATGAACTATCGCTCTTCTGGCAGGTTGATTAGTCTCCAAGAATTAGGGTGTCCTTGTCTACAAGGTTGACAAGTGGACCGGACTTTTGAGCATTTTTGACTCCGTCGCttaattaaccacacatggca 
120303_snu_130mer 956 CGATGAACTATCGCTCTTCTGAAGATTCAATTACCCCACAGTTGATACGCTATGCTCTTTCTCGCAATTGCCCTTGTGCTGAGGGCTTGGTTGTTGACGCCGCGATCATGttaattaaccacacatggca 
120303_snu_130mer 957 CGATGAACTATCGCTCTTCTTTTTACAACCTAAATCCTACGTCCGTTGCGAAGATTGTGCCTCAACTGGGGGCAAGTGCAGATCCTTTTGGATGCAACTGTAGTCATGCAttaattaaccacacatggca 
120303_snu_130mer 958 CGATGAACTATCGCTCTTCTGGAGGCTCATAACGTGAACACCACTGCAATTCGTGATGATCTTTCGCGTGAATTTCCGCTGATTTTGGCGTCTTTCGTCGAACCCCGCGCttaattaaccacacatggca 
120303_snu_130mer 959 CGATGAACTATCGCTCTTCTGCTGGAAAGCGAAATTGAGCTGCAATCCTTGTTAAAGCAAAGGATCTTTGTGCAAGCAACGACCATCGAGTTTTGCGTTACTTTCGATCAttaattaaccacacatggca 
120303_snu_130mer 960 CGATGAACTATCGCTCTTCTAAGGAACAATTGGATAATGCCCATAAAAATACGTTATACTGGGTGAGACTCAAAGGCCTAATCAGATGACAACAATCCCTCTGTTTGGTAttaattaaccacacatggca 
120303_snu_130mer 961 CGATGAACTATCGCTCTTCTAGGTAATAAGCGGACCAACAACATTGTGCGAAAGTCTGTAGGAGTGATTTTGCTCCACAGCACATTCTCTCTACTAGAGGTTTAGCAGCTttaattaaccacacatggca 
120303_snu_130mer 962 CGATGAACTATCGCTCTTCTATTTCGGTTTTTTAGTAGAGTTCGACCCGATTTACATCACATCAGCATAGTTCTAATGTAACTGTAAGTGTTTTTAGGATTACAAATACGttaattaaccacacatggca 
120303_snu_130mer 963 CGATGAACTATCGCTCTTCTTTCCCTCGGACTCAATAAGGAGCAACACTCGTGGATGCTGGATTTAACAAGGCATTCATCGAATGGCTCCCGTTACTTTGCTATTACTTTttaattaaccacacatggca 
120303_snu_130mer 964 CGATGAACTATCGCTCTTCTCATTACAAGGTTTGCTTTCCACGGCGAGTTGCCCTCCTGACTAACTGTAGGGTCGCAAATAAAGACCGATATTTTTACAGTTTAGTACTGttaattaaccacacatggca 
120303_snu_130mer 965 CGATGAACTATCGCTCTTCTACATAAAGTGTAATATGTCCGGAATTACTTAATTTATTGATGGAAAGACAATGCGACATTTTATCCTTCTCCGCTGCCGCGCATATTAGCttaattaaccacacatggca 
120303_snu_130mer 966 CGATGAACTATCGCTCTTCTCGGGCCATTTTGCTGTTACTGTTTCTTCTCGTCGAGACACAATCTCATCCATCGTTTAGGATTGCAGAAATGGAATGTGAAGAAGAAAGCttaattaaccacacatggca 
120303_snu_130mer 967 CGATGAACTATCGCTCTTCTGAAGTTGTCTCGAATCGAGAAGTATGGGCAGTCAAGGATGGACAGCGGGTGCAACGTCACACTCGCCGACGCGCAACCCGACCACTGGCAttaattaaccacacatggca 
120303_snu_130mer 968 CGATGAACTATCGCTCTTCTGTGACAGTAAATTTTTCCATTCCGCTCTCCTTTTATCACCAGCAAGAAAATCCACGGGAATGGACTATTCAGGTAGCGACCGAGGCATTGttaattaaccacacatggca 
120303_snu_130mer 969 CGATGAACTATCGCTCTTCTTCACGGGGTTTAGTCGGGTTGCCCCTTCACCAGATTCAGCAGCAGGGCTCGAGCATTTCTCCTTGCGAAAATTCGCAATCCAGAGATGGTttaattaaccacacatggca 
120303_snu_130mer 970 CGATGAACTATCGCTCTTCTTGTTCATTAGGTCGTGCCATTCAAAAAATGAATTTAATGCTGTCAAATCTCGAAAGCGATTGGAGGGATATCTCACACTCAGGACTCAACttaattaaccacacatggca 
120303_snu_130mer 971 CGATGAACTATCGCTCTTCTTCTTTTGGCCCATCGTGGGCGCGTTCAAAAGAAATGTATCGGTTGGACGTGTTTAATCTTCCTCATACTAATGCCTTGGAAATTAAGAATttaattaaccacacatggca 
120303_snu_130mer 972 CGATGAACTATCGCTCTTCTGGGCCGTCTCGGTCTACATACACGTTATCTACGCGTTTAATACGTAAAGTTGTAAATGGGGAGTGCGAGGCTGACGGGTTGTTGTCCTCCttaattaaccacacatggca 
120303_snu_130mer 973 CGATGAACTATCGCTCTTCTGTCAATCGAGGGTCTGCGGATCAGTTTTCGCTGGCGATTGCGGTCACTCCTACTTCCTACGACAGACTCTACCACAGGGAGACCTCTACAttaattaaccacacatggca 
120303_snu_130mer 974 CGATGAACTATCGCTCTTCTCGGATTTTGGACAAACTCTTGCTGCGGCGAGACTATAATCCCGCGCACAAAGCGAAGGGAATTCGACGATCTGGATGTGTAAGTCTAACCttaattaaccacacatggca 
120303_snu_130mer 975 CGATGAACTATCGCTCTTCTGCTGCACCGTCAGCTGATGTGAATAGCGCTATGGTTTTTTCACTTCGAGCAACTGTTAAAGGACTCCGCTTACCTGCCGGCTGATAAAAGttaattaaccacacatggca 
120303_snu_130mer 976 CGATGAACTATCGCTCTTCTTCCGGCCTCGATGAGGCCGCAAAATCACTATTCCGGCCAAAATCAAGATTTGCTTACAGTTAGTACCAAAGGTGGGGCCGCATTACTTCCttaattaaccacacatggca 
120303_snu_130mer 977 CGATGAACTATCGCTCTTCTAAGAAATATGGTTTAAAGCCTGTCGATGGAAGATGTTCTCCAAACGACGCTTCGTCCGCAGGAAGCATCTTGAGAGATGATCCATGGATTttaattaaccacacatggca 
120303_snu_130mer 978 CGATGAACTATCGCTCTTCTCTTGAGAATGTAACTTTCAAGTTCATTAATCGTGTGTGATCCAATTACTTAGGAAACAACACTGTCCCTATCTTAGCTACTCAACGAAATttaattaaccacacatggca 
120303_snu_130mer 979 CGATGAACTATCGCTCTTCTAGTGATTTTGCGGCCGCATCGAGGCGAGGATCAGTGATTTTCCTCTAAAAATTGAATTTAGCAAAAAGTCCCTTCTTGCTAGGTTTTAGGttaattaaccacacatggca 
120303_snu_130mer 980 CGATGAACTATCGCTCTTCTAGGGGTAAGAAATACCTCTAATGGTCCAGTGTAGCTTACTGTTACTGTATATAATTTTCAATCTCAGCTCTTGTCCGTTGGGTATCGAGAttaattaaccacacatggca 
120303_snu_130mer 981 CGATGAACTATCGCTCTTCTGATTTTGCAGTTAGCCATCGAAGCTGACTGTGAGTTTTTGTATGTCTGTTAATTCGTTCCCGCCAATTATGGTTAGAAAACCTACCATTTttaattaaccacacatggca 
 
 １０５ 
120303_snu_130mer 982 CGATGAACTATCGCTCTTCTTTTCTTTTGAATACTGCCCATAGGATGGAACAGGCAGTTCACCTTTGGGTCTTTTTGGAAAAGCAATATAACAAATTTCAGTGAAGATCAttaattaaccacacatggca 
120303_snu_130mer 983 CGATGAACTATCGCTCTTCTTTCTTTTTGTATAATATTAGTTCCTATCGCAACGGATCAAAATTTGTTGTCAAACTGACAGCACAAGTTAGTTAGTTTTGGGTCTTGGGTttaattaaccacacatggca 
120303_snu_130mer 984 CGATGAACTATCGCTCTTCTCCATGATTGACTGTACAAAGAAAACCACAGGGGATCCAGCAAAAAGCGTTGCAAATCTGTGAATACATCAACGGTTTCCCCTTACTACACttaattaaccacacatggca 
120303_snu_130mer 985 CGATGAACTATCGCTCTTCTCGTTTGGTAGATTATTTCAAATCCCCAGCAACAACGAAACAAGGAAAGAATTAAGGACAACATCTTCCACAGCCCATGCTCAATCGTCGAttaattaaccacacatggca 
120303_snu_130mer 986 CGATGAACTATCGCTCTTCTTTTATGAGCATGAGAGCTCTTCTTTTATCGGCCGCGATCAGCCTGTTTCCATGTGCATGGGCCTTTTCAGATATAGGATACGAGGCGACGttaattaaccacacatggca 
120303_snu_130mer 987 CGATGAACTATCGCTCTTCTTAGGTCTCGGTCAGCGCTGATAGGAAAATAGAATACTCCGTCGTTCTCTCATCATATTTTTGCTACATTGCGCGCAGTCTACAATTAGCGttaattaaccacacatggca 
120303_snu_130mer 988 CGATGAACTATCGCTCTTCTCGCATGGCCGGAGAAAACTTCACGGAAAAGCGAAATGTTTATGATAATGGACGCAACTCGGCGTCTATGACATTAAGAGGATTGAGTATTttaattaaccacacatggca 
120303_snu_130mer 989 CGATGAACTATCGCTCTTCTGGCTCCTATCCACTGTATAATATATACCGTTACAGCTTCGAGAAGCTTGGGGAGACAATTGAAGGGGATGATCCCGGATTTTTCGATGGAttaattaaccacacatggca 
120303_snu_130mer 990 CGATGAACTATCGCTCTTCTGCAAACTCAGTGGTAGACGATTTATTTCTTCTGAATATCACACGAATCGAGGCCGATGGAGCCTTGGCATTCAATGTGTTAATGGCCTGCttaattaaccacacatggca 
120303_snu_130mer 991 CGATGAACTATCGCTCTTCTATGCTGTCTGCTTGTAAGCGAAACGATGCAGATTCTTTGTCCGACATGAATACAGCGGTCGATGCGGCTGCAGCATACTGGATTGGCGCAttaattaaccacacatggca 
120303_snu_130mer 992 CGATGAACTATCGCTCTTCTGGAAATTCGGGGTACTTTCTTTATAATTTGGCAGAAGTGGCTGGTGCTCGTTTTGATCAAGACATTTTTGAAACCCGAGTGAACACTTTGttaattaaccacacatggca 
120303_snu_130mer 993 CGATGAACTATCGCTCTTCTTTTCTGAAGGTCGATATTGCAAGTGACCGGTGTGCGCAAGGCGAAACAGGTTACGTGGAGATGCGAAAGAAGGTCAAAGTTCTCATCAGCttaattaaccacacatggca 
120303_snu_130mer 994 CGATGAACTATCGCTCTTCTGTTCAAAGTCTCATTCATCACATCGAGCAGGTTCAAAATAGTGGCATATCTGATTTTTGCGAACTCTATGCTCTTGCTCTGTATTCACAAttaattaaccacacatggca 
120303_snu_130mer 995 CGATGAACTATCGCTCTTCTGGCTTGGCAGACCGTATCTTTCAATTGGCAATAGCCGCTGATGTGACGGCCCAGTCAAAGTCAGAGCTCATTTCCGTCTTGCAGCAATCAttaattaaccacacatggca 
120303_snu_130mer 996 CGATGAACTATCGCTCTTCTAAATGCTCCGATGTTGGGTCCTATCGGGATAGTCAAGTTGCTGAATGTGCTGATTCGGTGCTGAAACCCATGGCCGGGTACGTACCCTCGttaattaaccacacatggca 
120303_snu_130mer 997 CGATGAACTATCGCTCTTCTAGCTTCATCGACCGTGATATCAAGCACATTGCCATACAGATGTACTTTGACGCTCGTGATGCAGCGCTGGATTACTACATGTACGGCTGGttaattaaccacacatggca 
120303_snu_130mer 998 CGATGAACTATCGCTCTTCTCATGCGCTAGCCACGGACAATTTCAGTCCCCATACTAGCGCGGAATTTAGCCGGGCCGACATGTACTTCAAAACTCAAAATATGGAAACTttaattaaccacacatggca 
120303_snu_130mer 999 CGATGAACTATCGCTCTTCTAATGCGCTTACACGAGCGAATACTTATCCTCAAGCTTCATCAAAGCAGATTGATACATTGGTCGATGGTATGTTGCGTGGAGTTGTTATGttaattaaccacacatggca 
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분자 클론이란 하나의 DNA 분자로부터 복제된 다수의 DNA 분자 군집을 
의미하며 하나의 분자 클론 내에 있는 DNA 분자들은 모두 같은 염기서열을 
갖는다. 현대 생명공학에서 분자 클론을 생성시키고, 이를 분석 및 추출하는 
기술은 가장 기본적이며 핵심적인 기술이다. 본 연구에서는 복사압 기반의 
비접촉식 분자클론 기술을 개발하고 초 병렬적 염기서열 분석 방법과 이를 
융합시켜 다량의 분자 클론을 빠르게 생성, 분석 및 추출하는 기술을 개시한다. 
    구체적으로, 초 병렬적 염기서열 분석 방법을 이용해 분자 클론을 
생성시키고 분석하는 방법에 대해 소개한다. 초 병렬적 파이로시퀀싱의 샘플 
준비 과정에서 사용되는 에멀젼 PCR 을 이용하여 다량의 분자 클론을 
생성시킨다. 생성된 다량의 분자 클론의 염기서열은 파이로시퀀싱 과정을 통하여 
분석되며 2 차원 기판에 위치한 각각의 분자 클론의 위치와 염기서열이 매핑된다. 
복사압 기반의 비 접촉식 에너지 전달 장치를 개발하여 미세한 분자 클론 
각각을 빠르고 정교하게 기판으로부터 추출해 낸다. 펄스 레이저, 광학계, 머신 
비전, 직각좌표 로봇 등이 융합된 비접촉식 분자 클론 추출 장치가 소개된다. 
또한, 초 병렬적 염기서열 분석의 데이터로부터 염기서열의 추출, 2차원 기판 내 
분자 클론의 위치정보를 연결시키는 SW 를 개발한다. 염기서열 분석 기판의 
 
 
움직임, 펄스 레이저의 조사 및 추출, 마이크로 웰 플레이트의 움직임을 각각 
컨트롤 할 수 있는 소프트웨어가 소개된다.  
    이와 더불어 박테리아 세포의 분열으로부터 생성된 분자 클론의 추출 
기술이 소개된다. 유전적으로 다양한 DNA 를 포함하고 있는 박테리아 세포 
용액을 고체 지지체에서 키운 후, 현미경 비전 시스템을 이용해 각각의 분자 
클론을 확인한다. 생성된 박테리아 분자 클론의 위치를 확인하고 이를 펄스 
레이저 시스템을 이용하여 빠르게 추출해 낸다. 추출된 박테리아 클론의 DNA 
각각은 바코드 DNA 를 도입하여 한번의 초 병렬적 염기서열 분석 기술을 
이용하여 서로 다른 분자 클론의 DNA 정보를 한번에 분석한다.  
    본 연구에서 소개되는 방법과 시스템을 이용하면 합성 유전자의 생산, 항체 
신약 개발, 유전체 기능 연구 등 광범위한 생명공학의 연구에 소요되는 비용을 
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